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PREFACE
11/1

The original text which has been used for a basis of this book

was written for the System of Physiologic Therapeutics, edited by
Dr. S. Solis Cohen of Philadelphia, which appeared in iqoi. Since

that time many changes have taken place in the use of electricity

in medicine so that many of the therapeutic indications as well as

basic facts have become obsolete in the last eighteen years. It is

for this reason that we have undertaken to restate and bring up to

date the various departments of electricity in their connection with

medicine, and in so doing it has been our endeavor to adhere to the

original plan which had met with much success. Our endeavor in

this book has again been to stimulate the study of the practical

application of electricity in medicine and to this end we have been

governed by the following considerations:

i. Electricity has acquired a greater and greater importance

both scientifically and practically, and its industrial supremacy has

been attained through a thorough knowledge of its fundamental

laws. These same laws must form the basis of all therapeutic

knowledge and for this reason success in the use of electricity in

medicine must be based upon a complete knowledge of the laws that

underlie the electric phenomena. The knowledge of the funda-

mental laws, the ability to use the instruments in their application

and a precise meaning of the expressions employed, are therefore

essential prerequisites for every physician who desires to utilize

electricity as a remedial agent.

2. The theory of explanation of the electric phenomena observed

should be the electron theory. This theory has been introduced in

order to explain certain electric phenomena that could not be recon-

ciled with the former one fluid and two fluid theories. When the

one fluid theory was introduced it was difficult to break away from

the nomenclature which had been used with the two fluid theory

and so it is now with the introduction of the theory of electrons, the

older terms of the one fluid theory are difficult to dismiss. For
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practical purposes there is no reason why the terms which were used

in the description of the one fluid theory should not be continued,

and as long as the newer ideas are borne in mind it makes little

difference which terms are used to designate the various conditions,

provided that there is a common understanding of the use of these

terms, and that the terms are sufficiently graphic to convey the idea

which is intended. This is the principle that we have followed in

this work and which we have tried in the text to make clear.

3. Students of medicine and physicians in general evince a dis-

taste for all mathematical demonstrations and technical explana-

tions and accordingly, while neither one nor the other can be entirely

eliminated, we have simplified and reduced them to a minimum.

4. Physiology and diagnosis are the direct supports of therapy

and to this rule electrotherapeutics forms no exception.

5. In the employment of all remedies a certain degree of empiri-

cism is unavoidable. It is perhaps more dominant in the field of

electrotherapy than elsewhere and thus has led to ultra skepticism

and ultra optimism, both of which are to be deprecated. The more

simplified the methods of treatment become the more will the entire

subject be denuded of the mysticism that has hitherto surrounded

it and the more shall we realize what actually can be accomplished.

6. The introduction of central lighting circuits has had a great

influence in modifying as well as complicating electric apparatus for

use in medicine. Most central stations deliver a current of a voltage

that is too great for ordinary use in electrotherapeutic apparatus,

and for this reason it is necessary to introduce various devices for

modifying or reducing the current between the source of supply and

the apparatus itself. This condition therefore compels the electro-

therapeutist to be more familiar with electromechanics and reducing

and transforming apparatus than heretofore.

7. We are at present in a transitional stage in the use of electricity

in medicine because the older currents are being in part eliminated

while newer modalities are being introduced in their stead. The

static machine is gradually disappearing and the use of the faradic

current is growing less. Batteries are being superseded notwith-

standing the ease with which the proper voltage may be supplied,

and we do not doubt that ultimately portable batteries will gradually

eliminate the cell and be so devised that they will be connected

directly with the street circuit.
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In the present state of our knowledge, however, it is necessary

for us to be familiar with both the old and the new forms of current

and how they can be derived.

8. The many complications of modern therapeutic apparatus

have caused a confusion in nomenclature. Authors and manufac-

turers have both been careless and indifferent in their application

of names. Such words as " solenoid," "resonator," "oscillations,"

etc., have for years had varying meanings when referred to in elec-

trophysics. Since the introduction of the high frequency apparatus

into medicine these same terms are used to represent parts of the

apparatus and bear little or no resemblance to their original meaning.

Often a single piece of apparatus is known by several names and

sometimes entirely different parts are referred to by the same name.

The term "transformer," for example, originally was and still is

used to signify an apparatus for the change of voltage. When we
consider, however, that the different forms of electricity are largely

made up of one or another kind of transformation, it can be readily

understood that any apparatus that brought about such a trans-

formation should be known as a "transformer." It is immaterial

whether the transformation is brought about through a motor

dynamo or through a coil of a closed magnetic circuit. The process

is still achieved through a transformer.

It is therefore evident that there is a great need of standardiza-

tion in the nomenclature of electric apparatus and in order to accom-

plish this there will have to be complete cooperation between the

leading manufacturers and the physicians who use the apparatus.

In this book we have endeavored to adhere to one form of nomencla-

ture, and the nomenclature which we have accepted is the one which

we have defined.

9. The development of the use of electricity has advanced to

such a degree that it has become an important factor in surgery.

In choosing "Electricity in Medicine" as the title of this book we
have used the qualifying name in its more restricted sense in contra-

distinction to surgery. The use of electricity in surgery is so exten-

sive that it merits individual consideration in a work solely devoted

to that purpose, and it is for this reason that we have excluded

nearly all surgical references.

This will also explain why we have not gone more deeply into

the subjects of X-rays and phototherapy. Although we make men-
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tion of electric light treatment and also refer to the fundaments of

X-rays, both of these subjects should be discussed in a treatise

devoted solely to them. These same considerations have guided us

in the presentation of special forms of treatment.

We have tried to include sufficient in this volume so that the

student would gain some knowledge of the use of electricity in the

particular branches discussed, and if sufficiently interested might

look for further information into special text books of these subjects.

References to literature, and in many instances even the sources

from which the commonly accepted facts have been derived, are

purposely avoided. A full tabulation of the literature may be found

at the end of the book, and much that we have presented has been

drawn unreservedly from one or more of the sources enumerated in

the bibliography. Many instrument makers' catalogues have been

consulted and it has been our endeavor to give preference to instru-

ments of American manufacture. Among the many manufacturers

who assisted us in collecting the material, we are especially indebted

to the Wappler Electric Company, the Kny-Scheerer Company, the

Victor Electric Corporation, Waite and Bartlett, Van Houten and

Ten Broeck, the Mcintosh Battery Company, and the Campbell

Battery Company, who all supplied us with many necessary illus-

trations, while new drawings of a large number had to be specially

made.

Finally it is our hope that this book will serve as a guide for

further study and as an incentive for more practical work, because

it is our belief that the satisfactory employment of electricity can

not be learned solely from any book.

George W. Jacoby.

J. Ralph Jacoby.
44 West 72D Street,
New York, N. Y.
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PART I

ELECTROPHYSICS

CHAPTER I

FUNDAMENTAL CONCEPTIONS

Electric Vibrations. Correlation of Energy. The One-fluid Theory.

Electrons. Unity of Electricity. Excitation. Friction. Contact.

Attraction and Repulsion. Positive and Negative. Conduction.

Insulation. Density. Tension. Influence. Quantity. Electrometer.

Charge. Electrical Field. Potential. Capacity. Condensation. Elec-

tromotive Force. Methods of Producing Electricity.

Our conceptions of the nature of electricity are very obscure,

and we are to a large extent in ignorance concerning it. We know
that what we call electricity will decompose water, heat a wire

through which it flows, deflect the compass needle from its north-

south position of rest, and that each time we interrupt the flow of

electricity at any place a spark is produced; but what it is that causes

these effects we do not know. This ignorance is due to a certain

extent to our forced endeavor to consider electricity as an entity

—

as a distinct form of energy.

If, however, we would but look upon electricty simply as a fur-

ther manifestation of natural force developed through molecular

motion we should at any rate obtain a less hazy idea of its nature.

Nevertheless, we should still be in the region of hypothesis, rather

than in that of demonstration. In short, our knowledge of elec-

tricity is obtained from its effects alone.

At present we know, through Mayer's and Joule's demonstrations,

that chemism, heat, and light, the three great forces of nature, are

directly interchangeable as to direction and rapidity of the molecular
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vibrations. This is easily demonstrated in regard to light and heat

by a piece of metal the temperature of which is being raised. At

first the vibrations caused by the heated metal are slow and in a

vertical direction; as they become more rapid, the metal appears to

give out light, or; as we commonly say, becomes red-hot. As the

heat is increased, the molecular vibrations become still more rapid;

and in part changing their direction from vertical to horizontal,

produce a white or bluish light, which indicates the so-called white

heat.

Now, this progressive change cannot fail to remind us of the solar

spectrum; here also we have the color varying from red to the deep

blue or violet. This, however, is only the visible spectrum. In the

Fig. -Analysis of Solar Light by a Prism, Showing the Heat, Light, and Actinic

Areas of the Spectrum.

analysis of solar light by a prism we get three distinct and separate

areas, as shown in figure i.

First there is the central or visible portion of the spectrum, which

begins with the dark red and ends with the ultra-violet. This is,

however, really the smallest portion of the spectrum. Above the

violet, extends an invisible area three times the length of the visible

portion, which is significant on account of its power to bring about

chemical action; while below the red, an area in which heat is de-

veloped extends ten times the length of the visible spectrum. For

convenience we speak of the thermic, luminous, and actinic rays of

the spectrum, and these merge so closely one into the other that it

is difficult to define their limits. It has always been easy to reproduce

the heat and the light areas of the spectrum; but of the ultra-violet

or chemical area, although recognized, little was understood until

recently. The effects of the chemical area were manifest only by
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chemical action. A sensitized photographic plate was acted upon

even more rapidly when exposed to this portion of the spectrum,

than when exposed to the luminous rays alone. But substances of

density have the power of intercepting or absorbing the chemical

rays. Thus if a piece of metal was placed between the chemical

area of the spectrum and a sensitized plate, the developed negative

would show a clear silhouette of the metal object. When, therefore,

through the discovery of the X-ray by Rontgen, we were able to obtain

shadow pictures on photographic plates, the analogy of the mani-

festations of the invisible chemical area of the solar spectrum and the

invisible X-ray became so patent as to lead to the belief that they

were in a measure the same. These conclusions however could be

only arrived at from the effects of these forces. And so too it

is with electricity. The kathode ray which is an electrical effect

causes in turn the X-ray and this can in turn cause luminous rays

and heat to be produced. This conversion of energy therefore led

to the belief that electricity was a form of molecular vibration and

added to the series of other natural forces would make a newer table

which depended on rapidity and direction of vibration. This table

condensed would read: heat, light, X-rays, (or chemism) and elec-

tricity. With the further analysis of electricity the table could be

extended.

A few fundamental experiments will also teach us that: (i) The

electric state is one of relativity only; (2) electricity is due to the

equalization that takes place between two bodies in different degrees

of excitation; (3) the excitation of such bodies differs only in degree

and not in kind.

While our conception of the nature of electricity may be con-

sidered assumptive and theoretic, we are by no means lacking in

positive knowledge concerning its actions and the laws that govern

them. On the contrary, our knowledge in these directions is so

precise and extensive that it may be questioned whether there is

any probability of its being broadened. Let us, therefore, begin

our investigation of the therapeutic possibilities and uses of electri-

city with a study of these effects and laws; confining ourselves for

the most part to positive knowledge, but making use of theory

whenever it will render the facts more easily comprehensible.

The earliest ideas of electricity were derived from the effects

observed when one substance was rubbed against another, and in
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order, therefore, to gain a knowledge of the effects upon which our

assumption of electricity is based, let us take up the earliest evidences

that we are pleased to call electric.

Phenomena of Electrification.

Excitation.—We all know that when certain substances, such

as amber, glass, sulphur, hard rubber, are rubbed with some other

substance—as, for instance, a piece of silk—both substances ac-

quire the property of attracting light bodies, such as shreds of paper,

when brought near to them. The rubbed substances are said to

be electrified, and the property that thus becomes manifest and

whose cause is unknown is called electrification.

n m>

Fig. 2.—Electrification of Pith Balls.

This property may also be acquired by placing a nonelectrified

body in contact with an electrified one; it may then easily be seen

that the previously electrified body has lost part of its electrification,

inasmuch as it attracts light bodies with less force. Electrifica-

tion is best studied as follows: Take three glass standards (Fig. 2)

bent in the shape of a Roman "P," and fixed in wooden or metal

bases. We will call them 1, 2, 3. From 1 and 2 suspend single

small balls of elder pith by fine silk threads, so that they hang

perfectly free, and from 3 suspend in the same way two balls so

that they touch each other. In addition to this take a rod of glass

a few inches long, a stick of sealing-wax, and a piece of silk. If we
rub the glass or sealing-wax briskly with the silk and hold it close

to the ball of No. 1, the ball will be attracted to the Tod; but so

soon as it has touched the rod, it will be repelled. Rub the rod

again and hold it to the pair of balls of No. 3, and they will be



CONDUCTORS AND INSULATORS 7

attracted as was the single ball, and on removing the rod after the

balls have touched it, they will come to rest; not, however, resum-

ing their position of contact, but standing off at a distance from each

other. Bring No. i and No. 2 near each other. Touch No. 1 with

the rubbed glass rod and No. 2 with the rubbed sealing-wax. The
two balls will now attract each other^ but if they are allowed to

touch, they will fall apart again and lose all sign of electrification.

These phenomena are designated as electric, and the agent

producing them is termed electricity. How this agent should

be looked upon will be understood by referring to the description

of the electron theory, but there are, as will be shown later, certain

conveniences in speaking of it as a fluid, and so long as we know
that this term is used merely for the purpose of comparison and

continue to bear this in mind, there can be no objection to its use.

Conduction.—When a scrap of paper is attracted to a rubbed

rod of glass and remains attached to it, this scrap acquires the

power of attracting a second piece, this in turn of attracting a third,

and so on. The electric state has therefore been conducted from

the first scrap to the second, from the second to the third, etc. In

certain substances it will also be found that by both methods of

electrification, friction as well as contact, the acquired property may
remain localized at the point rubbed or touched, or it may spread

over the entire surface of the body. Hence bodies have been classi-

fied as good or bad conductors of electricity, as, analogously, bodies

may be good or bad conductors of heat.

If we examine the various substances as to their power of con-

ducting electricity, we shall find many—for instance all metals

—

that are such good conductors that they at once discharge their

electricity, while others are such poor conductors that they en-

tirely oppose the spread of electricity; the latter are called non-

conductors or insulators. Such are the resins, oils, etc. Between

the two classes, conductors and insulators, there exists a class of

semiconductors that require more or less time in order to conduct

electricity. Dry air \s a good insulator: as the moisture of air in-

creases, its conductivity increases. This difference in the conduct-

ivity of various substances explains why certain substances—as,

for instance, metals—cannot be electrified unless certain precautions

are taken; for if they are held directly in the hand, the electricity

produced in them is at once conducted through the body of the
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operator to the earth, where it is spread over an infinitely large

surface and is lost. For this reason the earth may be looked upon

as a large reservoir, and every body that is placed in a state of

good conduction with the earth will lose its electricity, while if it is

placed in a state of bad conduction, by interposing a bad conductor

between the electrified body and the earth, the electricity will be

retained. If, therefore, we desire to retain the electricity upon a

conductor for a time—as, for instance, upon a hollow ball—we
must insulate the ball by attaching it to a bad conductor, as a

glass or resin rod, and, furthermore, endeavor to have the sur-

rounding air as dry as possible. Thus poor conductors are utilized

to insulate good ones; but it must not be forgotten that no con-

ductor or insulator is perfect.

Every insulated body may be electrified by friction as well as by
contact. There are also other ways of effecting electrification besides

those of rubbing dissimilar substances together or placing dissimilar

substances in contact directly. Those most used are by making

the contact of dissimilar substances through an intermediary, as by

placing these substances in a liquid; by warming or cooling the

junction of two dissimilar substances; by making changes in a

system of magnets and wires, either the strength of the magnet

or the relative position of the magnets and wires being altered.

Unity of Electricity.

No matter how produced, electricity shows the same qualities,

although these may differ quantitatively. There is but one elec-

tricity. Whether we produce it through the friction of dissimilar

substances {frictional electricity), or by the immersion of two dis-

similar substances in a fluid {galvanic electricity), or by soldering

two pieces of different metals together at two different places

and then heating or cooling one metal (thermo-electricity), or if

we effect the changes previously spoken of in the system of magnets

and wires (magneto-electricity), the electricity is always one, and

its actions are always the same. Of these actions we shall speak

later; let us confine ourselves for the present to the effects already

observed in our pith-ball experiments, in order, if possible, to explain

the theory of the nature of the force that produces these effects.

Franklin was the first to consider electricity as a unity, and in

his one-fluid theory set forth his ideas, in 1750. Nine years later,
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however, Symmer presented the two-fluid theory which on account of

the ease with which it could be made to explain many electric

phenomena was accepted, and superseded the Franklinic theory

until recently. But with the further study of the effects of elec-

tricity Symmer's theory rapidly became inadequate and a new set of

principles under the term of Electron Theory has sprung up and now
is accepted as the theory which best explains the various electric

phenomena.

The electron theory is practically a reversion to Franklin's theory

with certain modifications and amplifications. Franklin set forth

that there existed an "electrical matter" that permeated everything.

The nature of this matter he could not determine because the parti-

cles were so minute that no way existed by which the particles

as such could be appreciated. They were tenuous; they had no

weight, but they were omnipresent. They moved about rapidly from

place to place and so constituted a flow. Consequently they must

be a fluid. Like unto possibly the gases that were fluids made of in-

finitesimal particles which also flowed, but that the electron parti-

cles which made up the electron fluid were immeasurably more minute

and immeasurably less definable, and thus enabled them to penetrate

and be present in every form of matter. Now the electron theory

accepts all this and calls the particles electrons. But it goes further.

It attaches one or more of these electrons to every atom of matter,

and gives the electrons the power to interchange from one atom to

another. This interchange of electrons causes a change in the elec-

tric state of the various atoms, the molecules or the masses of which

they are components. Thus the greater number to a substance

causes it to be negatively charged while conversely the loss of elec-

trons causes a positive charge. This theory seems now to satisfy

the physicists but many things still remain unexplained. We are

still in the dark as to why the interchange in electrons takes place,

why some substances have the power to release and others the power

to accumulate electrons. It may seem that in the acceptance of

these terms we are again saying in Greek what we don't know in

English, but still the theory is an advance upon previous theories

inasmuch as it enables us to surmount a stumbling block that has

impeded the path of our many predecessors. The electron theory

has to a certain extent passed the hypothetical stage, inasmuch

as these particles which are called electrons, have been observed
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and measured. Being of course so minute they have been meas-

ured in terms of a millionth of an atom of hydrogen. This electron

has been considered to be the negative electron and it is for this

reason that the withdrawal of these electrons would render a positive

state of electrification. Up to the present time the positive electron

has not been observed or isolated, so that in the face of present knowl-

edge there is only one kind of electron, and its presence or absence

qualifies the state of electrification. Thus any given atom would

require a certain number of electrons in order to place it in a condition

of stable electrification in accordance with its environment. The
conclusion would be that the atoms without any electrons attached,

would be in a positive state of electrification, and those with a plus

number of electrons in a negative state of electrification. Heretofore,

however, the electric state has been compared to a balance and the

higher state of electrification was considered plus or positive, and the

lower state of electrification was considered minus or negative. In

view of the electron theory, however, this acceptance would have to

be replaced and an endless confusion would arise. For the present,

therefore, we will continue to use the terms positive and negative

in accordance with the earlier designations of their meaning and to

avoid further confusion all explanations will be based upon the idea

of a plus or a minus quantity without regard to the addition or re-

moval of electrons.

We must accept the fact that electricity exists in all bodies, in

space, and in the earth, its quantity being determined in each case

by the circumstances under which it is found. The constant quan-

tity may be considered as a standard or normal quantum of elec-

tricity. As the result of certain interactions with other bodies, a

particular body may contain more or less electricity than this nor-

mal quantum. In the first case we say the body has a plus of elec-

tricity, or is positively electrified; in the second case, that it has a

minus of electricity, or is negatively electrified. These differences cor-

respond to the various modes of electrification that we have already

described. Arbitrarily we assume that the glass that has been rubbed

with a piece of silk has been positively electrified. As a matter of

fact, it is totally immaterial whether we assume that it has received

a plus or a minus of electricity, for this "more" or "less" is simply

relative to the quantity of electricity contained in the surrounding

objects.
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Furthermore, we must recognize that electricity seems to move
with facility in certain bodies that we have designated as good con-

ductors, while in those that are bad conductors its movement meets

with a great resistance or opposition. Also must we admit that elec-

tricity seems to have an effect on electricity at a distance, the action

being similar to attraction or repulsion. Of course, we do not

actually acknowledge action at a distance. We must imagine that

the presence of electricity at a certain point in some way modifies

the surrounding medium, which, thus altered from particle to particle,

in its turn acts upon the electricity placed at some other point.

This being understood, we may suppress the intermediary vehicle

and reason as though we had an action at a distance.

By this hypothesis the general facts can easily be explained. If

a body contains the normal quantity of electricity, no action will

be noticed in the neighborhood of this body. If, however, its elec-

tric content be altered, then such alteration will also change the

reciprocal actions of the electricity contained in the body, of that

in the surrounding medium, and of that in neighboring bodies. This

change may be effected in various ways:

i. By some action, mechanical, calorific, or chemical, between

two nonelectrified bodies. One of the bodies thus receives more

electricity than it had and becomes positively electrified ; this, how-

ever, can occur only if the other body loses electricity and becomes

negatively electrified; in other words, the bodies under such circum-

stances become electrified oppositely.

2. A nonelectrified body is brought in contact with a body elec-

trified positively or negatively (plus or minus) ; in the first instance

the electrified body gives up a part of its electricity in order to arrive

at a state of equilibrium; it becomes less completely electrified, but

the other gains what this one loses, and consequently it must become

electrified positively. The process is reversed in the opposite case.

Thus the charge is always of the same sign as that of the charging

body.

Attraction and repulsion, which are exerted between bodies with

contrary or similiar electrification, may also be explained satisfacto-

rily by this electron theory; the essential is that the bodies are differ-

ently charged—that is, that they contain different quantities of

electricity; and such attraction of unlikes or repulsion of likes will be

proportional to the quantities of electricity present.
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Density or Distribution of Electricity.—Electricity gathers

on the surface of objects, as can be seen from the following simple

experiments. Take an insulated brass ball, such as A (Fig. 3), that

has a metal covering, C, fitted carefully around it, but in two halves,

Fig. 3.—Sphere Showing the Accumulation of Electricity on its Surface.

so that it may conveniently be removed by means of the insulating

handles, B, B. Place the covers over the ball, and charge the whole

apparatus with electricity. Then remove the covers C, C, and all

of the charge will be found upon them, while the ball A will have

Fig. 4.—Ovoid Showing Distribution of Electricity.

no charge whatever; thus showing that the whole charge was dis-

tributed over the surface.

Since electricity distributes itself over the surface of a body, the

same quantity of electricity distributed over a small surface will
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necessarily be more dense, more compact, than if spread over a

large surface. Thus upon a sphere the density will be equal at all

points, while upon an ellipsoid the density varies at the different

points. In figure 4 the greatest density would be found at "a,"

the least at "b," and an intermediary state of density at "c."

The greater the density of electricity, the greater will be its

tension—that is, the tendency of electricity to overcome the

resistance of the air, until finally, this resistance being overcome,

the electricity escapes. If the escape occurs in the dark, it appears

luminous.

Electrification by Influence.

Induction.—When an electrified body is placed in the vicinity

of other bodies, insulated or not, it sets up in these other bodies

electric modifications

—

i.e., variations in the distribution of elec-

tricity; thus it acts upon them by influence.

+ A

Fig. 5.—Showing the Action of an Electrified Isolated Conductor upon a Nonelectrified

Isolated Conductor.

While it, however, is influencing the other bodies it is also being

influenced—its repartition of electricity is being altered. We are

dealing with the distribution of electricity in a system of neighbor-

ing bodies. Thus we have (Fig. 5) an isolated conductor, B C, and

a ball, A, positively electrified, which we approach to a certain dis-

tance of each other. The equilibrium existing in the body B C will

be disturbed, and on account of the repulsion exercised by A there
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will be produced a movement of electricity from B toward C, thus

causing a deficit at B and a surplus at C. There will thus be at the

point of the conductor nearest to the influencing body a contrary

charge to that of this body, and at the most distant part a similar

charge. This phenomenon is sometimes termed induction.

The result would be analogous if, instead of a positively charged

body, A, we were dealing with one negatively charged. If A is

removed or discharged, every action of influence ceases immediately,

and B C returns to its primary unelectrified state.

Charging by Influence.—If B C (Fig. 6), instead of being insu-

lated, is in communication with the earth, the effect exercised by A
will be the same in a general way, but on account of the connection

with the common reservoir, the earth, the only demonstrable change

Fig. 6.—Showing Electrification by Influence.

will be that at B, which will be opposite and contrary to A. In this

case the charge at B is greater than in the former experiment. If A
is now removed or discharged, the body B C will return it its un-

electrified state. If, however, before so removing the body A the

communication between B C and the earth is broken, the former

(B C) will retain the charge that it had acquired in consequence of

the action of A.

This fact is very important, for we thus have another mode of pro-

ducing electrification; and it will be noted that, contrary to electri-

fication by contact, here the conductor B C receives an opposite

charge to that of A, while A suffers no modification of its own

charge.
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The attraction and repulsion of light bodies are dependent for

the most part upon this influence action, and the phenomenon repre-

sents the endeavor of the bodies to regain and maintain their elec-

tric equilibrium. If two bodies are dissimilarly charged, they try

to approach each other in order to neutralize themselves, and

thus apparently attract each other. If, however, they are simi-

larly charged, they separate in order to prevent their condition

becoming one of more unstable equilibrium by a higher charge.

This is repulsion.

These phenomena of influence are manifested in the mode of

action of the electroscope, an apparatus employed for the purpose of

discovering whether a body is electrified,

and determining the (+ or — ) nature of its

charge. The gold-leaf electroscope is most

used (Fig. 7). It consists of two narrow

strips of gold-leaf pasted to the end of a

metal rod, the other end of which is so

Fig. 7.—Gold-leaf Electroscope. Fig. 8.—Electrometer.

fastened into the cupola of a bell glass that it passes through the

glass to the outside and ends in a free knob. The gold-leaf strips

hang free in the center of the glass. The bell glass not only protects

the gold-leaf strips from currents of air, but also directly insulates

them against surrounding objects. If the knob of such an electro-

scope is touched by an electrified body, the strips of gold-leaf diverge.

A modified electroscope serving for the measurement of the

quantity of electricity is called an electrometer (Fig. 8).

Charge.—In any electrified body there is a certain amount of

electricity that can thus be measured, and this we call its quan-

tity, or charge of electricity. It must be borne in mind that whether

the charge be large or small in a given body depends solely on the
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quantity of electricity, and not on the size of the body. Thus, two

bodies of different sizes having the same charge have each exactly

the same quantity of electricity, and not differing quantities pro-

portional to their size.

Electrical Field.

In the original studies of charged bodies, Faraday recognized

that a further electrical influence was manifest surrounding the

charged bodies, and later, James Clerk Maxwell formulated his

theory which defined this influence, and showed that it was exercised

in certain mathematical lines. The space through which the elec-

tric force is manifest is called the electrical field, and the direction

is called the lines offorce of the electrical field.

Fig. 9.—Graphic Representation of Lines of Force.

If, therefore, two charged bodies, the one positive and the other

negative, are in the same electrical field, the lines of force will run

between these two bodies, diverging and converging in proportion

to their proximity to the charged bodies. And conversely, if the

two charged bodies are both of the same charge, either negative or

positive, the lines of force will leave the charged bodies, as before,

but instead of continuing toward the other charged body will be

bent divergently from those of the other charge. This will be more

readily understood by referring to the diagram which plots the

lines of force graphically (Fig. 9 and Fig. 10).

The understanding of the electrical field and the lines of force

is extremely inportant, because it is these that made the develop-

ment of the Hertzian waves possible.
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If a free electrical charge should be placed in an electrical field

it would immediately move in a certain direction, dependent both

on the nature of its charge and on that of the field, until it reached

a state of equilibrium. And while endeavoring to reach this state

of equilibrium, it would accomplish a certain amount of work. In

other words, it contained a quantity of energy which was consumed

in reaching an equilibrium. If, on the other hand, the electric

charge were not free to move about, it would still be possessed of

this energy but it would be potential energy, energy that could

manifest itself only when liberated. It is in this sense that potential

is spoken of in relation to an electrostatic charge.

Fig. 10.—Graphic Representation of Lines of Force.

Potential.—Two bodies are said to be of the same potential

if, when connected by a wire conductor, no modification of their

electric condition takes place. If such a modification does take

place, they are said to be of different potential, and by agreement

the body that gives up its electricity is said to be of a higher poten-

tial than the body that receives it. For purposes of comparison the

earth is considered to be of zero potential, and all bodies from

which the electricity flows to the earth, or, in other words, that

when connected with the earth lose electricity, are said to be of a

positive potential; while, on the other hand, all bodies to which

electricity flows from the earth, or that gain electricity when con-

nected with the earth, are of a negative potential. Hence the

potential of a body, irrespective of the size or nature of the body, is

its degree of electrification above or below that of the earth. A practical
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conception of these facts may be obtained by instituting a comparison

between electricity and water. Thus, if we wish to produce a

flow of water from one point to another, we must make the point

from which the water is to flow, higher than the point to which it

is to flow. It will be seen that potential is not the same as quantity.

Capacity.

—

The electric capacity of a body may be considered

to be the greatest quantity of electricity that may be acquired by

that conductor. The same quantity of electricity communicated to

different bodies does not necessarily bring them to the same poten-

tial; different bodies have a different electric capacity, and we may
have a large electric capacity and yet a very low potential, and

vice versa. This capacity may be gauged by dividing the quantity

of electricity given up to a body by the variation in potential that

it has undergone; thus, if C equal capacity, Q equal quantity, and

V equal variation in potential, then C= y-

The capacity of a body depends not only upon the surface of the

body, but also upon those bodies that are in its immediate vicinity.

Charging and Discharging.

As already stated, when a body is electrified, it is said to receive

% charge of electricity, or, more briefly, to be charged.

Charging consists in a disturbance of the normal electric equilib-

rium of the body charged, which thus passes into a state of higher

or lower potential. If the potential be raised, the body is said to

have received a positive charge, and if the potential be lowered, the

charge is termed negative. 1

The electrified body is thus in a condition to manifest electro-

motive force under favorable circumstances by discharging itself of

its electric tension, and returning to its former state of equilibrium.

Discharge may be partial or complete, sudden or prolonged.

A charged body may yield up at once its entire excess of electricity,

and thus become nonelectrified ; or it may yield up this excess

(or charge) in successive portions, and thus become by degrees

less and less electrified, until finally it becomes neutral again.

Only insulated conductors can receive and retain charges. If

1 It may do no harm to repeat here, what has been said before, that the terms

"high" and "low," "positive" and "negative," are relative and arbitrary; and that

the terminology and hypotheses of the one-fluid theory have been adopted throughout

this book for the sake of clearness and simplicity.
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an insulated conductor charged with electricity be approximated

to an insulated conductor not so charged, influence becomes es-

tablished, and contrary states of electric potential manifest them-

selves at the points of the conductors that are nearest to each

other; the nearer the conductors are brought together, the more

does the one influence the other, and thus the greater will be

the tendency to equalization; this tendency to equalization, or

tension, may become so strong as to overcome the resistance fur-

nished by the intermediary body of air, and a discharge takes place,

accompanied by the phenomena of manifest heat and light.

If the charge of the electrified conductor be susceptible to

instantaneous and continuous renewal, there will be a constant and

steady equalization, manifested by a series of rapidly succeeding sparks,

known as the voltaic arc ; but if the charge be not so renewed, or

be renewed but slowly, the results will vary in accordance with the

shape of the conductors and the resistance that the air interposes.

Should one or both of the conductors be pointed, electric

equilibrium will become established slowly; but if no such point

exists, the return to equilibrium is sudden, manifests itself by a

spark, and is known as a disruptive discharge.

In the first case, if one of the conductors be pointed and its

electric tension becomes very great, equalization soon sets in and

continues until an equilibrium with the surrounding bodies has

been established. This phenomenon takes place gradually, and is

accompanied by manifest light, which, however, can be observed

only when other light is excluded. This form of discharge is known

as the convective discharge, or electric spray.

On the other hand, if the conductors have no point, but the

distance between them be sufficiently small, the electric discharge

will be sudden, and the equalization will take place in the form of a

spark; and this spark will be manifested by a zigzag line of light,

accompanied by a more or less sharp noise or crepitation, and

requiring but an incalculably short time for its transmission between

the conductors.

The intensity of the electric spark depends upon the quantity

of electricity. When this is great, the effects may be enormous,

as is evidenced in the discharge of an electric cloud; here the man-

fest light of the spark is called lightning, while the noise or crepi-

tation is known as thunder.
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Conductive Discharge.—We have seen what takes place be-

tween two bodies in unstable electric equilibrium when brought

near to each other but still withheld from actual contact by the in-

terposition of a nonconducting medium or dielectric (usually the

air) across or through which influence (induction) is manifested.

If, now, these two bodies be connected by a conductor, the

equalization of potential from the charged body to the uncharged

one will take place along the conductor, and a current will pass.

The current will continue to pass along the conductor so long as the

charged body continues to give up electricity to the uncharged

body, or until an electric equilibrium has been established. When
one body discharges its electricity to another body through a con-

ductor, as just described, the process is known as a conductive

discharge.

Condensation of Electricity.

When an insulated body is connected by a wire with any source

that furnishes electricity at a certain potential, the body will become

charged until it has attained the same potential as the source; the

quantity it receives depending upon its capacity. When an equi-

librium has been established, the body is said to be completely

charged. If, now, another conductor that is in connection with the

earth is brought near this charged body, the potential of the charged

body will become lessened, so that if it is again placed in contact

with the source of electricity, it will receive an additional charge

before a state of equilibrium becomes again established through its

having again attained the potential of the source. By the near

presence of a grounded conductor the capacity of the body has

been increased, or, what is the same, the quantity of electricity

necessary to charge the body completely is greater now than it

was in the beginning. • It is therefore said that here electricity

has been condensed, or that we have effected a condensation of

electricity.

Electromotive Force.

There is an inherent force that starts the current of electricity

and maintains it; this is really the effect of the difference of

potential between two bodies. No machine—and we refer to

the friction machine as the one with which the student is most

familiar—produces electricity directly, but simply effects a difference
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in potential and thus gives rise to a force that will be manifested as

tension or, under suitable conditions, exerted in the production of

an electric current. It is a force that tends to set electricity in

motion, and is therefore called electromotive force (e.m.f.).

Tension, potential, and electromotive force are thus closely related

terms; tension refers to the electric state and potential to the relation

between electrified bodies, due to the greater or less tension under

which their contained electricity exists; this in turn depends upon

the relative strength of the forces tending to move it and to oppose

its motion. Thus, electromotive force bears the same relation to

electricity that pressure does to water; and similarly as we speak of

negative pressure in the case of a vacuum pump or negative quantities

in mathematics, so we speak of negative potential or negative charge

in the case of certain electric phenomena. It will be necessary to

refer again to these terms and to consider the designation pressure

in a more detailed manner.

No electric action can be produced without a prior production of

electromotive force, and this force will produce electric action under

favorable conditions, while under unfavorable ones it will not. An
electromotive force may practically be produced for medical pur-

poses in three different ways

:

i. By the action of mechanical energy (frictional machine,

electrostatic induction machine, dynamo-electric machine).

2. By the action of radiant heat (thermo-electric cell).

3. By chemical action (voltaic or primary cell, charged stor-

age or secondary cell).

As the character of the electromotive force may be variously

altered, and as such alterations play an important part in the use

of electricity in diagnosis as well as in therapeutics, it will be more

practical to study the methods of production of electromotive force,

together with the laws that govern the flow of current, and then to

treat, purely arbitrarily

—

1. Frictional machines

—

frictional electricity.

2. Galvanic or primary cells

—

galvanism.

3. Induction machine

—

induced or faradic electricity.

4. Thermo-electric machine

—

thermo-electricity.

After we have considered the foregoing, we shall be able better

to understand the alterations of electricity—viz. (i) currents of

high frequency and (2) sinusoidal currents and apparatus.



CHAPTER II

FRICTIONAL (STATIC) ELECTRICITY

Friction Machines. Cylinders. Plates. The Electrophorus. In-

fluence Machines. Condensers. Fulminating Pane. Leyden Jar.

Static Circuits. Static Oscillations. Damped and Undamped Vibra-

tions. Solenoids and Resonators. Static High Frequency Machines.

Electricity produced by friction may be obtained through a

number of devices. Such a device, as first constructed by Otto

von Guericke, represents the earliest friction machine. This con-

sisted of a sphere of sulphur, which was rotated and against which

the hands were applied; a metal chain suspended from the ceiling

°=<

Fig. ii.—Simple Glass Plate Machine.

by insulating silk cords formed the conductor upon which the elec-

tricity was gathered.

Later, in 1708, Hawksbee substituted a glass globe for the

sulphur sphere, and Bose, in 1745, made use of silk to rub the

glass. Next a cylinder of glass rubbed by a cushion was employed,

and finally a plate of glass was substituted for the cylinder. Such

a simple plate machine is shown in figure 1 1

.
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Here a plate, G, is made to revolve between two insulated up-

rights, A, B; a third upright, C, carries a rubber made of leather

and amalgam, which presses against the glass plate when this is

revolved by means of a crank handle. Another upright, D, carries

a conductor, E, to the end of which, nearest the glass plate, are

attached two combs, one on each side of the plate. The leather

cushion of the upright, C, is now grounded by means of a chain.

When the glass plate is revolved, both the amalgamated cushion

and the glass plate become electrified. The cushion, however,

being in connection with the earth and thus a part of it, will remain

at the potential of the earth; while the glass will be brought to a

higher potential—that is, receive a plus of electricity, or become

positive. On account of the slight conductivity of the glass, this

plus of electricity will not spread over the surface of the plate,

but will remain at the point where it is produced until, by revolu-

tion of the plate, it is brought opposite to the points of the combs,

where it will be collected and will flow into the conductor, E. The
plate being freed from electricity, will again become electrified when

the other half passes between the cushions. Thus the circle is

kept up, electricity accumulating on the conductor, E, and the

quantity increasing until the loss of electricity through the air,

which loss also augments equally with the charge, is exactly equal

to the quantity furnished; then a condition of equilibrium will have

been established. The necessity of establishing the connection

between the rubber and the earth is easily understood; for were

the cushion insulated, only a single charge could be obtained and

no accumulation of charges could result. To energize the action

of the cushion its surface is covered with tin bisulphate, or an

amalgam of zinc, tin, bismuth, and mercury. It is, however, not

sufficient merely to produce a large quantity of electricity, but loss

must be guarded against. In order to do so, the surrounding air

must be kept as dry as possible, the plate and its support being well

insulated and kept free from moisture, and a special provision, as

shown in the accompanying illustration of Ramsden's machine of

1766 (Fig. 12), still further diminishes the loss from the plate. For

this purpose sectors of silk are so fastened to the framework of the

machine that they cover, without touching, two quadrants of the

disk, and thus oppose the loss through the air.

In figure 13 a cylinder machine is shown. Here the conductor
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carries the rubber that covers a part of the cylinder. If the one

conductor is connected with the earth, the other will become raised

to a higher potential and will be positive, so that the current will

flow over the air gap from plus to minus. By reversing the con-

nections with the earth the current may be reversed.

Before explaining the construction and action of another class

of electric machines it will be necessary to describe the electro-

phorus, as these machines depend for their action not so much
upon friction as upon influence.

Fig. 12.—Ramsden's Machine.

The electrophorus, invented by Volta, is an apparatus for the

repeated utilization of electricity during a longer time, after a single

excitation, and consists of a cake of resin, hardened in a circular

metallic plate, and a cover, constituted by a disk of metal to which

is attached an insulating handle of wood or glass.

In figure 14, A represents the shellac plate in its metal covering,

D. B represents the metal plate with its insulating rod, C. In

order to obtain charges we must first electrify the shellac plate by
rubbing it with a piece of catskin. Then the plate is negatively
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charged. One gently places the metal disk B on the charged plate

A, and grounds the upper surface of the disk by placing the finger

on it; on withdrawing the finger and removing the disk by means

of the rod C, we shall find that the disk is positively charged with

electricity. This can be discharged and the experiment repeated

with a like result. It is essential that the metal covering of the

plate be in connection with the ground. If this condition is not

observed, we shall find that very shortly we get no further charge.

The phenomenon of the electrophorus is dependent on the prin-

ciple of induction, as explained on page 14. In order, however,

to understand the mechanism, the plate A must be regarded as

Fig. 13.—Cylinder Machine.

consisting of three parts instead of two. The shellac itself, although

one and the same thing, acts like two—viz., the smooth surface is

the charged body X, while the main portion of the shellac, A, acts

as an insulating substance, preventing the charge on X from neu-

tralizing itself with the metal covering D. Therefore when the

surface of the shellac is rubbed with catskin, we have the following

condition in A: the surface X is negatively electrified, and by in-

duction the metal covering D is positively electrified, because it is

connected with the earth. The two charges are separated by the

insulated shellac, which prevents a discharge, and thus they are

held in their relative positions. In other words, the minus charge

of the surface X influences the plus charge of D, and conversely
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the charge on D tends to hold the charge on X. Now, when we

place the disk B on X, there is a disturbance of the electric equilib-

rium of the disk. By induction its under surface becomes posi-

tively electrified and its upper surface becomes negatively elec-

trified. By touching the upper surface with the finger we connect

£2i -- B

Fig. 14.—The Electrophorus.

it with the ground, and thus allow the disk to regain its equilibrium

in its new condition, by becoming completely and positively elec-

trified. In this condition, then, we have the negative charge on

X firmly held between two positive charges—viz., that on the disk

and that on D; and this shows the importance of grounding D, as

thus its positive charge constantly tends to hold the negative charge

onX.
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And now to return to the disk. On removing it from the shellac

"by means of the insulating handle it retains the positive charge it

has acquired, and can be discharged at pleasure. After discharge

the process can be repeated, and the same phenomena will take

place in the same sequence.

The influence machine is in reality a form of revolving elec-

trophorus. The earliest one of these is the Holtz machine (Fig.

15), which was invented in 1865. This machine consists of two

varnished glass disks, one a little larger than the other, and placed

Fig. IS.—Holtz Machine.

three millimeters apart. The one is made to revolve, and the other

remains stationary. The posterior stationary disk is insulated and

contains two openings cut in at the opposite ends of any diameter.

Upon the edges of these openings are pasted tongues of cardboard

coated with shellac, the tongues pointing in the same direction as

the axis of rotation; so that if one is directed downward, the other

is turned toward the upper part of the disk. These are called arma-

tures, and serve the same purpose as the electrified surface in the

electrophorus. In front of the anterior rotating plate, and opposite

the windows of the stationary one, are two brass combs, connected
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respectively with a horizontal conductor that terminates in a knob

and is carried by an insulating support.

In order to set the machine in action, the knobs of the conductors

must be metallically joined; one of the armatures must first be

electrified, by means of a piece of hard rubber, for instance, that

itself has been previously electrified by friction; and the rotary

plate must be turned in a direction opposite to that indicated by

the points of the armatures.

The working is complex, but by reference to figure 16 its principle

will be made clear.

A is a revolving plate placed between D, a piece of hard rubber,

corresponding to the armatures previously described, and a comb,

Fig 16.—Diagram Showing the Principle of the Holtz Machine.

B. Let the potential of D be reduced by rubbing it with catskin

that is negatively electrified. By induction through the plate the

comb B will become positive and the knob N negative. But the

comb readily gives up its plus charge to the glass, so that the sys-

tem B N is left negatively charged. When the glass disk has

made half a revolution, that part that has been charged positively

from the comb B arrives at comb B\ Thus the two conductors

will always be at different potentials, and a steady flow of sparks

passes between P and N. The simplest and most efficient of all

induction machines is the Wimshurst (Fig. 17). It consists of

two circular glass plates about one centimeter apart, mounted on a
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fixed horizontal spindle in such a way that they will rotate in oppo-

site directions. Both disks are well varnished, and attached to the

outer surface of each are narrow radial sections of tin-foil and

metal buttons placed at regular intervals. Attached to the spindle

on which the disks rotate is a bent conducting rod carrying at each

of its ends a fine wire brush; these come in contact with the sec-

tions of foil or the metal buttons when the plates revolve. At

Fig. 17.—Wimshurst Machine.

the back is a similar bent rod placed at right angles to the one in

front. Furthermore, two forks are provided with combs directed

toward each other and toward the plates that rotate between them.

The combs are supported on Leyden jars, to which are also at-

tached the dischargers. The machine is entirely self-exciting and

requires no friction or charging to start it. The initial charge is

probably obtained from the atmospheric electricity. The presence

of the brushes, buttons, and metal inductors is somewhat detri-



30 FRICTIONAL ELECTRICITY

mental to the insulation of this machine, so that the energy pro-

duced is less than that given by a Holtz machine of the same size.

The Wimshurst machine is especially trustworthy in charging and

for creating a difference of potential, because a large amount of

friction is developed between the metallic brushes and the metallic

sections or buttons on the plate. These sections or buttons are

more numerous than those on the Toepler machine, and this, to-

gether with the fact that the plates are made to rotate in opposite

directions, favors the rapid development of a charge.

The Toepler machine just mentioned is simply an elaborated

modification of the Holtz.

The power of these machines may be materially strengthened by

suspending two condensers from the conductors.

Materials other than glass have been used for the plates in the

static machines, and various claims are made for them. Among
these, the mica-plate machine may be mentioned; in

this the revolving plates are made of mica, while the

stationary plates are of glass. It is claimed for these

machines that they do not lose their charge so readily,

Fig. 18.—Metal because mica does not collect moisture, and that the
Plate Condenser. .

polarity of the machine remams constant.

The condenser is an apparatus for storing up a large amount
of electricity upon a small surface. It consists in all cases of two

insulated conductors separated by a nonconductor, and acts by in-

duction. A simple condenser is made of two metal plates: a lower

one that rests with its under surface upon an insulating glass foot

and has its upper surface covered with a thin coating of insulating

shellac; and an upper plate to whose upper surface an insulating

handle is attached (Fig. 18). If the upper plate is now placed upon

the lower one and the latter is touched by a positively electrified

body,, while a connection is established between the upper one and

the earth, the lower plate will take a certain positive charge. Accord-

ing to the principles already explained, the upper plate will become

negative, and, by attracting the plus potential of the lower plate,

will not allow this to become free, but keeps it fixed

—

i.e., free from

tension. As a result of this the lower plate will be able to absorb more

electricity from its source, and this again will cause a further accumu-

lation of negative electricity on the upper plate. Thus it will be seen

that the capacity of the lower plate will be increased, and that of
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the upper plate will also be correspondingly enlarged, but will, in

course, possess the opposite potential. If the connection between

the upper plate and the earth be broken and this plate be lifted by
its insulating handle from the lower one, the electricity contained

in the latter will no longer be held down, but will become free and

Fig. 19.—Condenser. Fig. 20.—Condenser.

Condensers of modified form are shownmay be discharged at will

in figures 19 and 20.

Upon the same principle as the condenser is based the Franklin

plate.

The Franklin plate, or fulminating pane, consists of a glass plate

partially covered on both sides by tin-foil; a broad border on both

sides of the plate remains free from foil and is varnished

with shellac. The anterior surface of the plate (cor-

responding to the lower surface of the condenser) is con-

nected with the conductor of an electric machine; the

posterior surface (corresponding to the upper or col-

lector plate of the condenser) is placed in connection

with the earth. The charging of the two surfaces is

carried out in the manner described for charging the

condenser. Such a fulminating pane, rolled up, consti-

tutes a Leyden or Kleistjar (Fig. 21).

The Leyden jar is most conveniently made of a xieist j

glass bottle of suitable size, coated on its inner and

outer surfaces for about two-thirds of its height with tin-foil. The

uncovered surface is coated with an insulating varnish; the mouth

of the bottle is closed by an insulated cork; through this cork passes

a metal rod, ending externally in a knob and internally being in

Fig. 21 .

—

Leyden or
ar.
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communication with the tin-foil. When, now, the metal knob is con-

nected with the conductor of an electric machine and the outer cover-

ing of tin-foil is connected with the earth, this apparatus may be

charged in the same manner as the two preceding ones.

It is discharged explosively by forming a connection between the

two coverings. It may thus safely be grasped by either alone, but

if carelessly handled, may give the operator a severe shock. All

actions of the electric machines may, by means of such bottles, be

materially increased.

Static or Condenser Circuits.

A static circuit can be derived from one or more condensers if

properly arranged. The simplest form of static circuit is shown in

figure 22. This consists of a single

Leyden jar, set up so as to be readily

_ discharged. Referring to the dia-

gram, A represents a charged Leyden

jar, the wire L forms the discharge

circuit, and P is the spark gap, or

discharge.

Now then if two identically con-

structed simple static circuits, which

are termed as being "in tune," are

placed near one another and the first

discharged, oscillations will be set up

in the second circuit and the two cir-

cuits will act in unison, in very

much the same manner as two at-

tuned tuning forks.

This same effect, considerably enhanced, can be produced by
combining two or more such condensers, or Leyden jars. And if,

furthermore, the condensers, instead of being connected by a simple

wire, are connected by a metal spiral, or solenoid, the oscillations

become stronger and more far-reaching. It is this phenomenon of

the static circuit that has made possible our knowledge of the high-

frequency circuits and wireless telegraphy.

Static Oscillations.

If a charged condenser is discharged through a conductor of

high resistance, the discharge takes place gradually, and the charge

Fig. 22.
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disappears without further effect. If, on the contrary, the dis-

charge takes place through a conductor of low resistance, then

a number of exceedingly rapid alternations or oscillations, which

tend to persist, are set up. This phenomenon is known as self-

induction. The oscillations are caused by an attempt of the con-

denser to maintain its electric equi-

librium. The first rapid discharge

overempties the condenser, and it

may be regarded as containing a

reverse charge of less degree than

the original charge. This reverse

charge again discharges itself, with

like result, and the process continues

with gradually lessening oscillations

until the entire charge is dissipated, when the oscillations cease.

It will be seen, therefore, that the oscillations will vary directly

with the resistance of the medium through which the condenser

is discharged. Oscillations caused by a discharge through high

resistances are called damped, and with a minimal low resistance

are known as undamped.

Fig. 23.—Simple Type of Solenoid.

Fig. 24.—Static Oscillatory Circuit Apparatus.

The simplest form of low resistance for an oscillatory discharge

is supplied by means of a coarse wire forming a few turns of a coil.

Such a coil is called a solenoid and is shown in figure 23.

An illustration of a static oscillatory circuit is shown in figure 24.
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This circuit consists of two Leyden jars, a spark gap, and a sole-

noid. The Leyden jars may be charged from an ordinary static

machine.

Damped and Undamped Oscillations.—We have already seen

that when a charged condenser is discharged it obtains a new charge

of reverse potential. There is, therefore, a transformation of electro-

static energy into electrodynamic energy. At the next discharge

this electrodynamic energy is again changed to electrostatic, and

this series of changes could go on indefinitely, were it not for the

fact that other elements enter into the process, which cause the

damping of the vibrations and their ultimate extinction through the

entire loss of charge of the condenser.

Damping of the oscillations is due to several causes, the most im-

portant of which is the resistance of the air. This resistance causes

a transformation of electrical energy into heat which may be so

great as to cause the electrodes to glow. Some of the electric

energy is also lost by its passing off as electromagnetic radiations.

Two circuits are necessary to produce oscillations that are but

Blightly damped. The primary circuit is discharged through a high

resistance, and the secondary circuit has a low resistance. It is

in the secondary circuit that the oscillations persist, and are un-

damped, thus making their transmission to a distance possible, as

in radiotelegraphy.

Static High-frequency Circuit.—If we bear in mind the principle

of a static circuit, and undamped oscillations, it will be readily under-

stood that an oscillatory high-frequency circuit can be established

through a static machine and its condenser discharges. In order

to accomplish this it is necessary to attach two powerful condensers

such as large Leyden jars, to the poles of the static machine. Then

if the outer armatures of the Leyden jars be connected by means of

a solenoid the apparatus is complete. The operation of the static

machine charges the Leyden jar condensers which discharge them-

selves through the solenoid and this completes the static circuit.

This process results in a series of oscillatory discharges which forms

a static high frequency circuit. This current is of sufficient high

frequency to excite X-ray tubes and cause them to generate

X-rays.

Various modifications of the static circuits for oscillatory currents

are used in medicine. For example the current may be drawn from
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the outer armatures of the Leyden jars and by means of electrodes

be made to pass through the human body. If under these circum-

stances the solenoid is omitted, then oscillations are set up in the

body. If, however, the solenoid is left connected with the Leyden

jars we have a circuit used by Morton and Bordier which will be

described later under the title of Bordier-Morton current.
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Electricity in equilibrium, which we have just studied, is known
as static electricity; electricity in motion is known as dynamic

electricity. Any two substances placed in contact, or in a liquid,

will show a difference in potential; but only a few, especially the

metals and carbon, will show enough difference to be appreciable by
indicating instruments.

Even the greatest differences of potential thus obtained are

smaller than those produced by friction, and the pith-ball apparatus

would not be affected by them. By more delicate instruments

these differences can be recognized. Such an electrometer of most

sensitive character is called Thompson's quadrant electrometer

and consists of a light rod or needle of metal, suspended horizontally

by a fine wire over four pieces of brass forming the four quadrants

of a circle. The opposite quadrants are connected by wires, and

the adjacent ones are insulated from each other. All four are

insulated from the rest of the instrument, and the whole is covered

by a glass shade. The suspended rod is kept at a high positive poten-

tial by an arrangement the principle of which it is not necessary to

enter upon here. A small mirror that reflects upon a screen a ray

of light from a lamp is attached to the rod; hereby the smallest

movement of the needle becomes visible upon the screen. By means

of such an instrument we can observe that differences of potential

are manifested upon mere contact of heterogeneous substances.

It was to such contact alone that Volta assumed the phenomena

produced by the pile that bears his name to be due. It will, how-

ever, be seen that the current of the voltaic pile is probably due to

chemical action. This pile is formed by the superposition of a

36
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certain number of couples. Each couple is composed of a disk of

copper, C, and a disk of zinc, Z, separated by a disk of cloth that is

saturated with acidulated water (Fig. 25). Each one of these

couples may be surrounded by glass, the quantity of fluid increased,

and we have a galvanic or voltaic cell. Thus a cell will be constituted

essentially by an isolating jar containing a fluid, in which two plates

of different metal are immersed. The

contact or chemical action that here

occurs produces a difference of poten-

tial, which sets in motion an electro-

motive force. Every cell is charac-

terized absolutely by the electromotive

force that it possesses, and by the con-

ductivity, or conversely the resistance,

that it presents to this force. If the

free ends of the two metals that are im-

mersed in the fluid are connected by a

conductor of electricity—for instance,

a copper wire—the various potentials

begin to equalize themselves in the

closed circuit, consisting of metal 1,

fluid, metal 2, and copper wire, as

shown in figure 26; and inasmuch as

the constant contact of the metals with

the fluid produces an accumulation of

electric energy that is constantly being

renewed, the equalization of potentials

will not only be momentary, but will be

kept up constantly. This equalization

of potentials in the connecting wire we
call the electric current, and the all-round path is called a circuit.

We have already spoken of current in the chapter on Frictional

Electricity, but there we were always dealing with momentary

currents. No matter how rapidly spark follows upon spark or dis-

charge follows upon discharge, there is always an appreciable gap

between them, due to a pause in the collection of electricity from its

source. In contradistinction thereto, the current that is produced

by the voltaic cell is a constant one, and the current derived from

such a cell is also known as the constant or galvanic current. The

Fig. 25.—Voltaic Pile.
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latter name has been generally adopted by medical writers in honor

of Galvani.

All voltaic cells may be divided into two general classes: (1) The

single-fluid cells, or those that have but one exciting fluid. (2) The

double-fluid cells, or those that have two exciting fluids.

Every voltaic cell consists of two essential parts: (1) A voltaic

pair, or voltaic couple. (2) One or two exciting fluids.

The two substances forming the voltaic couple are called the

elements; the fluid is called the electrolyte of a cell. The elements

which generally consist of two dissimilar metals, although they may
be formed of a variety of substances, are known as the positive and

negative plates, the positive plate always being the one that is most

attacked or acted upon by the electrolyte. If

such a couple, say one of copper and zinc, be

immersed in dilute sulphuric acid, so far as can

be seen no change takes place, although the maxi-

mum electromotive force of the couple must be

set up. As soon, however, as the plates are joined

Fig. 26.—Simplest externally by a conductor, bubbles of hydrogen

will be seen to form at the copper plate.

These bubbles set up a counter electromotive force, known as

polarization, and also reduce the conductivity of the cells—that is

to say, increase the internal resistance. As a result of both of these

processes the capability of the cell to furnish current is diminished.

The bad effects of polarization may be overcome in a variety of

ways:

1. Mechanically, by loosening the bubbles from the plate to

which they adhere—that is, by brushing them away or by agitating

the liquid.

2. Chemically, by surrounding the plate upon which the bubbles

of hydrogen form, by some powerful oxidant, one that will oxidize

the hydrogen without having an injurious effect upon the cell; or

by making use of the hydrogen for some chemical decomposition,

which, however, must also be innocuous to the cell itself.

The first method is rather impracticable, and therefore it is the

second method that is satisfactorily made use of in various kinds of

cells.

As the voltaic cell is an important source of electromotive force
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as employed in therapeutics, we shall briefly describe some of the

most practical forms.

Cells.—One of the first successful attempts at modifying the

evils of polarization was made in 1836 by Professor Daniell.

The Daniell Cell (Fig. 27) consists of an outer glass jar, G, con-

taining a split cylinder of zinc, Z, inside of which is a porous jar, P,

of unglazed earthenware, and inside of this a copper cylinder, C,

at the top of which is a perforated ledge, upon which are placed

crystals of cupric sulphate, or blue stone. The outer zinc cylinder

is immersed in dilute sulphuric acid, the inner copper cylinder in a

solution of cupric sulphate. The crystals of cupric sulphate upon the

ledge of the cylinder keep the solution in a state of saturation.

As soon as the cell is placed in action, the zinc and copper plates

being joined externally by a conductor, the zinc is attacked by the

sulphuric acid, the hydrogen of the latter

is set free, and zinc sulphate is formed. ^
The freed hydrogen passes through the

porous jar and comes into contact with

the copper sulphate; here it takes the

place of the copper, leaving this free and

forming sulphuric acid. The freed copper

from the copper sulphate solution be-

comes fixed upon the copper plate, thus

always giving a clean copper surface.

Thus the copper sulphate is employed
, , . : ,, , f Fig. 27.—Daniell Cell.

to take up the objectionable hydrogen,

and a cell is thereby obtained with little or no polarization. Its elec-

tromotive force, however, is small, and its internal resistance is

large.

This Daniell cell has been variously modified in order to effect a

diminution of the internal resistance; thus the porous jar has been

eliminated, and solutions of different density—copper sulphate and

zinc sulphate—surround the horizontally placed elements of the

cell ; as the specific gravity of the copper sulphate solution is greater

than that of the zinc sulphate, the former is placed at the bottom

of the vessel, while upon it, but of course not mixing with it, is poured

the solution of zinc sulphate.

Such cells are also often called gravity cells (Figs. 28 and 29).

Grove Cell.—In the cell invented by Grove and known by his
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name the hydrogen is gotten rid of, and at the same time a higher

electromotive force is obtained, by surrounding the copper element, or

its substitute, with a strong oxidizing agent. In the Grove cell

the copper of the Daniell cell is replaced by platinum, and the copper

sulphate by nitric acid.

Fig. 28.—Gravity Cell. Fig. 29.—Gravity Cell.

Thus this cell consists of zinc in dilute sulphuric acid outside of

the porous jar, and platinum in nitric acid inside of the porous jar.

When the cell is in action, the zinc is attacked and zinc sulphate

formed, as in the Daniell cell; the free hydrogen coming into con-

tact with the nitric acid takes oxygen from it and forms water, leav-

FiG. 30.—Grove Cell.

ing, however, another compound of nitrogen and oxygen, which is

given off in poisonous red fumes, so that this battery cannot be util-

ized unless some means is employed for carrying off these fumes.

Although polarization is effectually prevented in this cell, the nitric

acid soon becomes very weak and the sulphuric acid is soon replaced by
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zinc sulphate. The electromotive force, which in the beginning is

large, rapidly decreases. The Grove cell is shown in figure 30.

Bunsen Cell.—On account of the high cost of platinum, Bunsen

suggested the use of hard gas-coke or carbon as a substitute, and this

modification is known as the Bunsen cell (Fig. 31).

While the electromotive force of the Bunsen cell is about the

same as that of the Grove, its internal resistance is higher, but its

current lasts longer.

Fig. 31.—Bunsen Cell and its Component Parts.

Single-fluid Cells.

For simplicity in construction, cells employing a single exciting

fluid, simple or compound, have been devised.

Zinc-platinum Cell.—This cell, known as Smee's, consists of a

plate of zinc and a plate of platinized silver, dipping in dilute sul-

phuric acid. The electromotive force is low.

Zinc-carbon Cell.—This consists of a pair of zinc and carbon

plates, dipping into a weak solution of sulphuric acid (1 :io or 20 of

water). The electromotive force is somewhat higher than that of

Smee's cell.

Bichromate or Chromic Acid Cells.—In order to do away with

the objectionable fumes arising from the use of nitric acid as an

oxidant, chromic acid and potassium bichromate have been largely

used in substitution. There are many forms of these cells.

Grenet Cell.—Such a cell, one largely used for medical purposes,

is the Grenet. This consists of a glass flask, into which reach, from

a cover of hard rubber, two carbon plates and an adjustable zinc

plate attached to a long brass rod (Fig. 32).

The carbon plates reach to the bottom of the vessel, while the
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zinc plate may be pressed down into the lower half of the vessel

that contains the fluid, or may be drawn to the upper part, so that

it does not come in contact with the fluid at all. By this means the

cell is easily put into and out of action.

Amalgamation.—In all zinc-carbon cells the zinc is chemically

attacked by the acid of the electrolyte. When impure zinc is used,

as is usually the case on account of the difficulty of obtaining pure

zinc (the ordinary zinc of commerce contains more or less iron or lead,

and these metals are electronegative to zinc), a series of elements is

formed between the impurities of the zinc and the zinc itself. These

minute couples of elements when attacked by the electrolyte form

Fig. 32.—Grenet Cell.

complete circuits. The action of these couples is called local action,

and the electric energy thus generated cannot be utilized. It has

been found that such local action can be avoided by rubbing the clean

zinc plate with mercury. When mercury is rubbed over the plate,

it dissolves the zinc and forms a coating of zinc amalgam on the plate.

The impurities are not dissolved, so that it is only the zinc amalgam

that comes in contact with the acid. As fast as the zinc of the

amalgam is acted upon by the acid, just so fast does the mercury dis-

solve fresh zinc from the plate.

The electromotive force of this cell is high, but its constancy is

not great.

A good solution for such a cell is as follows:
Grams

Potassium bichromate, 15

Sulphuric acid, 15

Water, 250

Mercury oxysulphate, 5
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The use of the mercury oxysulphate is for the amalgamation of the

zinc.

Instead of the foregoing fluid, electropoionfluid may be used. This

is made by adding two parts of sulphuric acid to eight parts of water,

and while the mixture is still hot stirring in one part, by weight, of pul-

verized potassium bichromate. As soon as it is cold it is ready for

use. An earthen vessel should be used for mixing. When this fluid

is used, the zinc must be amalgamated more frequently. This may be

done in the following way: Mix 250 grams of nitric acid with 500

grams of hydrochloric acid, and then slowly add 125 grams of mer-

cury; when dissolved, add 700 grams more of hydrochloric acid, and

stir well. Cleanse the zinc with potash, and dip it into the foregoing

solution for several seconds. Rinse in clear water and rub with a

stiff brush. The amalgamation may be effected in a simpler manner

by first dipping the zincs into dilute sulphuric acid to cleanse them,

then dipping them into a vessel of mercury, and finally allowing

the surplus to drain off.

Leclanche Cell.—The Leclanche cell is a zinc-carbon couple with

an electrolyte of ammonium chlorid (sal ammoniac), and with man-

ganese peroxid as a depolarizer. The action depends on the ammon-
ium chlorid giving up free ammonia and forming zinc chlorid. Other

chemical actions also take place. Finally hydrogen is liberated,

which comes in contact with the manganese peroxid and reduces it

to a lower oxid.

Manganese peroxid parts with its oxygen comparatively slowly,

so that if hydrogen is produced too rapidly—and this is the case

when the cell is working—only a part of it is neutralized. If, how-

ever, the cell is used only for a short time and then allowed to rest,

the hydrogen is gradually neutralized and the cell soon recovers its

normal state. These cells are admirably adapted for medical work,

require very little attention, last for a long time when properly used,

and are easily renewed.

In the original form this cell contained a porous jar filled with

the depolarizing material, in the center of which was placed the

carbon plate (Fig. 33). As the sole office of the porous jar was to

keep the material together, Leclanche abandoned it, and accom-

plished its purpose by compressing a mixture of carbon, manganese

peroxid, gum, and a small quantity of potassium bisulphate into a

hard mass, after keeping the mixture for some time at the tempera-
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ture of boiling water. Plates of this compressed material are

fastened, one at each side of the carbon element, by means of rubber

bands. The internal resistance of these cells is lower than that of

those containing the porous cups (Fig. 34).

A practical modification of this form of cell is shown in figure 35.

Fig. 33.- -Original Leclanche
CeU.

Fig. 34.—Leclanche Cell Without Porous
Cup.

Fig. 35.—Modified
Leclanche Cell.

Fig. 36.—Law Telephone Cell.

Here the depolarizing mixture is contained in two bags, which

are tied on the opposite sides of the carbon elements, thus allowing

free circulation of the solution.

Another very practical modification of the Leclanche cell is the

Law telephone cell, shown in figure 36.
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The silver chlorid cell consists of a zinc-silver couple, immersed

in a dilute aqueous solution of sal ammoniac and sodium chlorid.

As made by Gaiffe, it consists of a plate of zinc, Z (Fig. 37), and a

plate of silver chlorid, Y, fused around a wire and enveloped in a

cotton bag, the whole contained in a vessel of hard rubber hermeti-

cally sealed by a cork, to the top of which are attached the binding

posts for making connections. A cushion composed of six or eight

sheets of blotting-paper fills the space between the two elements,

keeps them apart, and is saturated with the exciting fluid.

C Z

- :

:

Fig. 37.—Silver

Chlorid Cell.

Fig. 38.—Showing the Flow of Current from Positive

to Negative Plate, and from Positive to Negative Pole.

Dry cells, so called, are not really dry, and their name is badly

chosen, since their action is dependent upon the presence of a liquid

electrolyte. The liquid used is, however, made into a paste with

some gelatinous substance or powdered material; in so far as they

contain no free liquid, they may be considered dry.

Batteries.

When, now, we properly connect a number of cells, of whatsoever

construction, w* have a battery. The chemical action upon one

of the plates of the cell must be greater than upon the other in order

to produce a difference of potential, and the plate that is most at-
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tacked is called the active or positive plate; the other is the inert

or negative plate. As electricity always flows from a point of higher

potential toward one of lower potential, the direction in the liquid

will be from the plate most attacked

—

e.g., in a zinc-carbon cell,

from the zinc to the carbon—from the positive to the negative plate.

If to each plate or element a conducting wire be attached, the cur-

rent will spread through each such wire, and inasmuch as the higher

potential of the zinc forces the current to the carbon, and through

the carbon into the conducting wire, the wire attached to the carbon

will be found to be of higher potential than is that attached to the

zinc. The terminal of the plate that is out of the fluid, or the end

of the conductor attached to this terminal, is called the pole or elec-

trode. It will thus be apparent that the negative plate of the cell

will carry the positive pole; and that therefore outside of the cell

the current flowing from the positive to the negative pole will flow

from the negative to the positive plate. Whatever misunderstand-

ing may arise in regard to this must be due to the fact that the terms

plate and pole are not clearly differentiated. The accompanying

illustration (Fig. 38) will render this clear.

We should always remember that in speaking of current we refer

to a flow from a higher to a lower level. Any substance that is

of a higher potential than another with which it is placed in con-

nection, by whatsoever medium, will be electropositive, while the

other would be electronegative. Such a list of substances, placing

the bodies of higher potential first, is called an electromotive series.

Of course, the current in the wire externally connected will proceed

from the body lower in the list to a higher one. Such a list is the

following:

Zinc Nickel Copper

Cadmium Bismuth Silver

Tin Antimony Gold

Lead Platinum

Iron Graphite.

From this it will be seen that if the elements of a cell are consti-

tuted of zinc and copper, the current in the wire will flow from the

copper to the zinc, while in a copper-graphite combination the flow

will be from the graphite to the copper.

Pressure.

In order to gain a clearer insight into electromotive force and
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the laws that govern it, let us call it pressure, and compare it with

the pressure of water.

Let us take a glass jar filled with water and connected to a glass

tube by means of a piece of rubber tubing, and place the entire

apparatus on a table. If we lift the jar of water from the table, the

glass tube remaining stationary, the water-level in the glass tube

will at once rise until it has attained the level of the water in the

jar. The higher we raise the jar, the higher will rise the water in

the tube (Fig. 39). Thus the pressure of the water is proportional

to the difference of level; increasing this difference increases the

pressure; decreasing it decreases the pressure.

Level A

Fig. 39.—Showing Variations in Water Pressure.

The difference of electric potential is the cause of electric pressure,

and here also the pressure is proportional to the difference of poten-

tial, and by increasing or decreasing the latter we increase or decrease

the former.

Resistance.—The opposition that the path of a current furnishes

to its flow can best be understood by like comparison with the flow

of water. Thus, if in a cistern of water the pressure be kept con-

stant by a continuous inflow, and water be allowed to escape from a

pipe of a certain area at the bottom of the cistern, then a certain

quantity of water will escape in a given time. If the area of this

escape pipe be made smaller, the water of the outflow will be corre-
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spondingly diminished. If the area of such a pipe be doubled, or,

what is the same, if two such escape pipes be furnished, the rate of

the outflow will also be doubled. The rate of flow can also be in-

creased or diminished by largely increasing or decreasing the length

of the pipe, for its walls offer some resistance to the flow of water,

and thus an increase in length would increase the resistance, and

through this oppose the flow, while the decrease would diminish

the resistance and facilitate the flow. Therefore the flow of water

under constant pressure would be directly proportional to the area

or caliber of the pipe, while it is inversely proportional to the length

of the pipe. These principles govern the flow of electricity also.

As already stated, electric conduction is the reverse of resistance,

so that a good conductor offers slight resistance to the flow of the

current. The metals, being good conductors of electricity, offer

least resistance to its flow. The following table of conductors

may therefore be used in inverse order as a table of resistances,

the good conductors being bodies of slight resistance, the semicon-

ductors being bodies of great resistance, and the insulators being bodies

of so great resistance that they almost effectually oppose the passage

of any current.

TABLE OF CONDUCTORS AND RESISTANCES
Good Conductors Semiconductors Insulators

Silver Carbon Wool

Copper Graphite Silk

Gold Acids Sealing-wax

Aluminum Saline solutions Sulphur

Zinc Sea-water Resin

Platinum Melting ice Gutta-percha

Iron Pure water India-rubber

Tin Stone Shellac

Lead Dry ice Paraffin

German silver Dry wood Vulcanite

Antimony Porcelain Glass

Mercury Dry paper Dry air

{Slight resistance) {High resistance) (Very high resistance)

Usually copper wire is employed for electric conductors.

If we examine the circuit of an electric current, we see that it

consists of a cell and of the connecting wire, so that the resistance

of the entire circuit will include the resistance of the metals and

the liquid of the cell and of the wire, as well as of every other con-

ductor that may join the poles of the cell. The resistance of the
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cell itself is called the internal resistance of the circuit; that of the

other parts, the external resistance. The former is symbolized by

r, the latter by R.

The Electric Circuit.—If, now, instead of the cistern of water

we make use of an electric apparatus for the production of pres-

sure, and connect one side of the apparatus with the other so as to

establish a continuous path, we shall find that the same laws apply,

and we shall learn more regarding the laws that govern the flow in

a circuit. In order to have some indication of the flow of current,

we place in the external circuit a galvanometer. The galvanometer

is an instrument that, by the deflection of its needle, shows the

strength of an electric current passing through it; the principle and

construction of such an instrument will be discussed later.

Fig. 40.—Showing a Simple Circuit Containing Three Equal .Resistance Wires.

Thus, in figure 40 the external circuit is made up of three wires,

each being of the same length and caliber, thus giving the same

opposition to the flow of current. Into the circuit is also intro-

duced a galvanometer, G. The needle of the galvanometer swings

to a certain point. If one of the wires be removed, the needle

comes back to the point of rest that it occupied before its introduc-

tion into the circuit, thus showing that no current flows unless the

path is continuous. If the wire 1, 2, or 3, be removed and replaced

by another of equal length but of larger cross-section, the needle

will be deflected to a greater extent than in the first experiment,

showing that more current passes in consequence of the increased

diameter of the new wire, and that it does not matter where the

4
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circuit is altered, the deflection always being the same. If two wires

be replaced by thicker ones, the needle will be still further deflected,

and still more so if all three wires be changed. Such a circuit,

made up of one continuous path, is said to be a simple circuit;

when the circuit consists of two or more branches, it is said to be

a divided circuit.

3

Fig. 41.—Showing a Simple Circuit Containing One Resistance Wire.

If we make a circuit with one resistance coil interposed and note

the deflection of the galvanometer needle (Fig. 41), and then join

to this resistance coil another of the same length and thickness of

wire (Fig. 42), the resistance having been doubled, the deflection

will be one-half of what it was before; but if, instead of joining the

wires end to end or in series we place them side by side, as in figure

Fig. 42.—Showing a Simple Circuit Containing Two Resistance Wires in Series.

43, the deflection will be doubled, for here we have, by putting the

wires side by side in parallel, doubled the thickness without changing

the length.

Thus, increasing the length of the wire increases its resistance,

and increasing its thickness decreases its resistance, as we shall show

later. Inasmuch as the deflection of the galvanometer needle is
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proportional to the current that influences it, we may say that

current varies inversely as resistance.

If, furthermore, in any of the foregoing experiments we leave

everything unaltered except the electric apparatus, but substitute

for this one of double the electromotive force, we shall in each

case obtain double the deflection

—

i.e., twice the current; which

shows that the current varies directly as pressure or electromotive

force.

Professor Ohm proved not only that with constant currents the

current varies directly as electromotive force, and inversely as the—<A—
- B

Fig. 43.—Showing a Simple Circuit Containing Two Resistance Wires in Parallel.

resistance, but also that the current equals the electromotive force

E m f
divided by the resistance, C = ^

'

• This relationship between

current, electromotive force, and resistance is known as Ohm's
law, and this formula may be written in its equivalents: £=CX

E
R,orR =

c
-

For these factors certain units have been adopted. Each unit

is susceptible of practical measurements.

The ohm is the name given to the unit of resistance, and the

standard unit is represented by the resistance offered at the tem-

perature of melting ice, by a column of pure mercury 1.06 meters

high, and with a cross-sectional area of one square millimeter; or

it is about the resistance offered by a copper wire %o of an inch in

diameter and 250 feet long.

The ampere is the name given to the unit current, and it is

the current that, flowing through a solution of silver nitrate, will

deposit 0.C01118 gram of silver in one second, or in flowing through
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water will free 0.0000105 gram of hydrogen in one second. (In

medical work we use as the unit Kooo ampere, or one mill iamp ere.)

The volt is the name given to the unit of pressure of electro-

motive force, and it is that pressure that, acting steadily upon a

conductor whose resistance is one ohm, will produce a current of one

ampere. The volt is very nearly the electromotive force of a zinc-

copper or a Daniell cell. Expressed in these units, Ohm's law would
Volts

read: Amperes = ~,r Ohms
The coulomb is the unit of quantity. It represents the quantity

of electricity necessary to set free from water, electrolyticallv.

0.010384 milligram of hydrogen. The coulomb may be entirely

neglected and the ampere alone used, if we consider the time in which

a certain number of coulombs flow. We then speak of an ampere-

hour, which means one ampere flowing for thirty-six hundred seconds.

One ampere-hour is equal to 3600 coulombs, or a current has one

ampere strength when it gives one coulomb in one second. With

these facts in mind we may also use the ampere, which is really only

a measure of strength, as a measure of quantity, and then an ampere

is the volume of current that a pressure of one volt will push through a

resistance of one ohm. 1 ampere = —

,

J r
1 ohm

The farad is the unit of capacity and is represented by the

capacity of an insulated conductor charged to a potential of one volt

by one coulomb of electricity.

In actual practice it is necessary to use certain units that express

force, work, and work done. In the consideration of force, the great

standard of the attraction of gravitation of the earth is used for

comparison. Thus the force that is required to overcome the

inertia of a mass weighing one gram and to move it a distance of

one centimeter in one second of time, is called a dyne. This, of

course, is a very small unit and is equal to a little less than a milli-

gram. This force in turn accomplishes a certain amount of work,

and the unit of work, which is the result of a dyne acting for one

centimeter, is called an erg. Just as with the dyne the erg also is

an extremely small unit and for convenience sake the work repre-

sented by an erg is multiplied ten million times and then is termed a

joule. So an erg and a joule are both units of work but the larger

unit, the joule, is generally used. In addition, however, to the
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amount of work done, some time unit must be added. Therefore,

when an apparatus accomplishes a certain amount of work, the unit

with which it is measured is the watt. The watt is equal to io 7

ergs per second, or it is the rate of working in a circuit whose

electromotive force is one volt, and which delivers a current of one

ampere.

If it is desired to ascertain the power of an apparatus in watts

the work done is divided by the time.

Thus: Watts = J^6
?.

time

In order to make the ohm, ampere, volt and coulomb still more

easily understood, let us compare them with the unit used for ordinary

fluids, such as water. We measure water by gallons. This corre-

sponds to the coulomb. A gallon of water is always a gallon, be it

under pressure, in motion, or at rest. The same applies to a cou-

lomb. The coulomb, as the gallon, is the absolute unit of quantity.

Now, supposing we have our gallons of water under pressure in

a tank provided with an outlet, so that a regular flow is caused;

this would give us a current of water. Similarly an electric current

is electricity in motion.

Let us suppose that a gallon of water is delivered each second at

the outlet of the tank. This would correspond to the ampere, for

the ampere means a flow in which one coulomb is delivered in one

second.

If we lead the water through a pipe, it encounters a certain

resistance, greater or less as the pipe is small or large. The con-

ducting wire in electricity is analogous to the pipe in our water-flow,

and the unit of resistance is an ohm.

To overcome this resistance in such a manner as to cause a flow

(or current) that will deliver a certain quantity of water in a certain

time requires a certain pressure or motive force. If the pressure in

our tank of water be such as to deliver in each second unit quantity

(one gallon) against unit resistance, we have, further, a unit of

pressure; and this is the analogue of our unit of electromotive

force, namely, the volt. Thus, if against a resistance of one ohm
we have delivered a current of one ampere, that is to say, one

coulomb a second, it indicates the necessary pressure in our current

source; namely, that of an electromotive force of one volt.

Having Ohm's law in mind, it is easy to ascertain the voltage
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required to produce any required current in a wire of given resist-

ance; thus:

i. If we have a wire of 2 ohms resistance, what voltage is required

to obtain a current of 18 amperes?

P F
C = _, 18 = = 18X2 = E :. E = 36.R 2

°

Therefore we require 36 volts.

2. If we have a resistance of }i ohm and require a current of

200 amperes, what voltage must we have?

E 1

200 =
x
= 200 X = E .'. E = 50.

I 4

Thus we require 50 volts.

Compound Circuits.—It is only necessary, further, to remem-

ber that when conductors are joined in series—i.e., one to the

other, lengthwise—the total resistance is increased in proportion

y A 'VVWIAW

*>W VuT/lA/W\/\A^
C D

Fig. 44.—Showing Two Resistance Wires Placed in Parallel.

to the sum of the separate resistances, and therefore the current

is proportionally diminished; but if they are placed in parallel, the

sectional area is increased, the resistance proportionally diminished,

and the current is increased. When a circuit has two or more branches,

it is termed a divided or compound circuit.

Thus if two conductors, A B, C D (Fig. 44), each of 10 ohms

Tesistance, be connected as shown in the illustration, they are said

to be in parallel, and the joint resistance of the pair will be 1%,
•or 5 ohms. Similarly if three such wires be connected in parallel,

their joint resistance would be x%, or 3.333 + ohms, and so on for

any number of parallel wires. The current in such a parallel

arrangement will divide itself between the branches, as shown by

the arrows, and this law, which governs the position of current in

a compound closed circuit, is one of great importance.

Shunts.—If a current can flow through several paths, as when,

for instance, the poles of a battery are connected to several wires,
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the current will divide itself according to a law of Kirchhof (mathe-

matically demonstrable, but upon whose demonstration it is not

necessary to enter), so that the strength of each branch current is

inversely proportional to the resistance of its branch circuit; or, to

express this in a different manner, a branch conductor that is joined

to a main conductor carries current in direct proportion to the relation

that its own conductivity bears to the conductivity of the main

conductor. Thus, if the conductivity of the main conductor be

two and that of the secondary conductor be eight, the joint con-

ductivity will be ten. Ten parts of current will flow through both

conductors—two through the main and eight through the secondary

Fig. 45.—Showing the Principle of the Shunt as Applied to Water.

conductor. Such a secondary or branch conductor when intro-

duced into a circuit is called a shunt, and the circuit determined by

it is called a shunt circuit.

Variation of Current in Branches of Compound Circuits.—

If the conductivity of one of the conductors forming a compound

circuit be varied, the current flowing through each of them will be

varied in proportion to the resistance thus interposed

—

i.e., decreased

in the one of augmented resistance, and increased in the others.

This will become clear if we again have recourse to the analogy

of the system of water.

From figure 45 it will readily be seen that the water from the

tank will flow through the main and the joined pipe proportion-

ately to their conductivity if the stop-cock be open; and corre-

spondingly as the stop-cock is closed in the main (its conductivity

lessened, i.e., its resistance increased), less water will flow through
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it, and more through the joint or shunt. The principle is of the

highest importance in electrotherapeutics, as it governs the regula-

tion of current strength in many applications to the human body,

especially when street currents are used.

Experimentally, this law may easily be demonstrated to apply to

a current of electricity in the following manner: let B (Fig. 46)

represent the battery, whose flow of current is limited to about 100

tnilliamperes, and from which a divided conductor carries the cur-

rent over D to the rheostat R and to the human body R'. A gal-

jmh

Fig. 46.—Showing the Principle of the Shunt as Applied to Electricity.

vanometer is introduced in each of the divided circuits B D R E
and B D R' E. If the resistance in R be made equal to that of

R', the galvanometer will indicate that the currents in both circuits

are equal. Assuming the equal resistances to be 3000 ohms, then

if we increase the resistance in R to 4000, 5000, etc., the galvanome-

ters will indicate that the currents in R and R' have become as

3 : 4, 3 : 5, etc. ; or if we diminish the resistance in R to 1000, 500,

etc., the currents will have become as 3 : 1, 3 : 0.5, etc. In other

words, as the resistance in R is increased, the current in R' is likewise
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increased, the electricity seeking the path of least resistance. Simi-

larly, diminution of resistance in R diminishes the portion of current

that will pass through R'. In both instances the resistance of

R' is presumed to be unaltered.

If, finally, we introduce another galvanometer into the un-

branched circuit B D E, it will be found that the current herein is

equal to the sum of the current strengths in the branches.

Temperature and Resistance.

We have seen how the total resistance of the circuit is made up,

but we must also consider its variability. As all conductors are

heated by the passage of a current through them, the most im-

portant factor in the variability of resistance is heat. In some

cases the raising of the temperature increases the resistance of a

conductor; in other cases it diminishes the resistance. The resist-

ance of metals becomes raised when their temperature is increased,

while that of liquids and of nonmetallic substances generally be-

comes reduced. In a general way it may also be stated that the

greater the specific resistance of a body, the more will the tempera-

ture be increased in it by the passage of a current and thus reduce

its resistivity.

Arrangement of Cells.—With Ohm's law before us we can

easily understand how electromotive force may be modified by the

arrangement of a number of cells, and also what arrangement of

cells is best, in order to obtain the greatest strength of current with

a given external resistance.

The following table may be taken as an approximation of the

electromotive force of the various cells:
Volts

Daniell, i .07

Leclanche, 1 . 60

Grove, 1 . 96

Bunsen, 1.96

Bichromate, 2 . 14

If it be desired to obtain the greatest electromotive force from

the cells at our disposal, they must be so connected, by joining

the unlike plates of successive cells, that the electromotive force

of each cell will be added to that of the preceding one, as in figure

47. Here the zinc or + element of the first cell is connected with

the copper or — element of the second cell, and the zinc of the
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latter is joined to the copper of the third cell; the copper of the

first cell, and the zinc of the third cell, being left free to carry the

conducting wires terminating in the + and — poles, respectively.

Cells so arranged are said to be in series; their respective resist-

ances are joined lengthwise and thus added to each other. If

E represents the electromotive force of one cell, then 3 E represents

the electromotive force of the three cells figured, and nE represents

the electromotive force of n cells similarly connected.

The total resistance of a circuit being made up of the resistance

of the cells (internal resistance) and the resistance of the path

(conducting wires and objects interposed) between the terminal

plates outside of the battery (external resistance), let us represent

the former by r and the latter by R; then Ohm's law would read

E
C =

R + r

Fig. 47.—Cells Arranged in Series.

But if r be the resistance of one cell and E be the electromotive

force of one cell, while R represents the resistance of the entire

external circuit, we must, when a number of such cells are in series,

n E
speak of nE and nr, so that the formula would read : C = -^—. ;

K -\- n r

or, to put this in figures, if the electromotive force of a single cell

be two volts and its resistance be five ohms, while the resistance of

the external circuit is made up of a short thick wire of practically

no resistance, then the current obtained would be equal to C =
E 2 2

• C = — • or — ampere. If, now, we take ten such cells and join

them in series, the current through the same external resistance

10 X 2
an ampere,

20 2 .= — . or- ofwould be C = " " = — , or - of an ampere, the same as with
10 X 5 50 5

one cell. Thus we see that the connection of cells in series adds

to the internal resistance of the battery, and that with a negligible

external resistance we obtain thereby no increase of current. If,
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however, instead of no external resistance we take a large external

resistance—for instance, a portion of the human body of say iooo

2 2
-> or aboutohms—the one cell would give us C =

5 + iooo

ampere, when ten cells would give us C =

1005
10 X 2

(10 X 5) + IOO°

1

500
20 1

1 or about — ampere.
1050 50

With a large external resistance, the addition of various small

internal resistances becomes almost negligible.

To obtain the greatest volume of current from a given num-
ber of cells in short circuit a different arrangement is necessary.

All that has previously been said about resistance is, of course,

applicable to internal, as well as to external, resistance. In the

one, as in the other, increasing the sectional area of a conductor

Fig. 48.—Cells Arranged in Parallel.

decreases the resistance. If this area be doubled, the resistance

will be reduced one-half. We could, therefore, by doubling the

size of a cell—that is, doubling the size of the elements and the

quantity of fluid—halve the internal resistance of such a cell.

The same result can be obtained by joining the similar plates

of two or more cells. Thus if, as in figure 48, we join the carbons

of three cells by wires of practically no resistance, and join the

zincs in the same way, the three cells so joined will act as one cell

of threefold size (see also Fig. 49), having, therefore, an electromotive

force of only one cell, but, on the other hand, having but one-third

the resistance of one cell. Cells so arranged are said to be in parallel.

Taking the figures already made use of, a cell of two volts with

an internal resistance of five ohms, and with practically no external

resistance, would, as we have seen, give us % of an ampere. If,

now, taking ten such cells, instead of joining them in series we
join them in parallel, the current obtained would be that of one
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cell having one-tenth the internal resistance; orC = " ="=4
' :

lo >

amperes, against % of an ampere obtained by joining the same ten

cells in series.

Under the same circumstances, with an external resistance of

2
1000 ohms we should, however, obtain C = or onlv

1000 + Vio
about 3-soo of an ampere, against 3-o0 °f an ampere obtained by join-

ing them in series. Therefore, as joining cells in parallel diminishes

Fig. 49.—Diagram of Cells Arranged in Parallel.

the internal resistance but does not increase the electromotive force,

the current strength in such an arrangement will vary inversely

as the external resistance.

These methods of joining cells may be combined in various

ways, and thus the electromotive force and the internal resistance

be altered. Such combination is called multiple series. A good

practical rule for obtaining the greatest current from a given num-
ber of cells in a given case is so to group the cells that the internal

resistance of the battery approximates as closely as possible the resist-

ance of the external circuit.



CHAPTER IV

EFFECTS OF THE ELECTRIC CURRENT

Physical, Chemical, and Physiologic Effects. Electrolysis. Polariza:

Hon. Electrotaxis. Electromagnetic Effects. Magnetic Field. Elec-

tric Osmosis. Thermic Action. Induction. Measurement. Volt-

ameter. Ammeter. Voltmeter. Resistance Coils. Wheatstone Bridge.

Ohmmeter.

All currents, no matter what their source, produce the same

effects, namely, physical, chemical, and physiologic. As most of

these effects can best be studied with the dynamic currents, we
shall, notwithstanding that some of them have already been alluded

to, describe them here in full, with the exception of the physiologic

effects, which will be treated of in that part of the book devoted

to electrophysiology and electropathology.

The chemical effects are those of electrolysis and polarization.

The physical effects are magnetic, mechanical, thermic, and dynamic.

Chemical Effects of the Galvanic Current.

i. Electrolytic Effects.—It had long been noted that when an

electric current was allowed to flow through pure water, the water

did not act as a good conductor of the electricity. But if the water

held some substances in solution, the conductivity of the solution

was greatly increased. Such a solution was called an electrolyte

because it was found that, in the passage of an electric current

through it, the substance held in solution was decomposed. At

present, however, the term electrolyte means only the substance

itself which is capable of being decomposed by means of an electric

current. (This term electrolyte must not be confused with the

term previously used to designate the fluid used within the cell of

a battery.)

Faraday studied the phenomenon and applied to it the term

electrolysis, which etymologically means "dissolution by electricity."

He found that in the dissolution of an electrolyte certain particles

moved toward the positive pole and others toward the negative.

61
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These moving particles he called ions or travelers, and those which

moved toward the negative pole, or kathode, were called kathions,

while those which moved toward the positive pole or anode, were

anions.

Further observation led Faraday to the belief that the movement
of ions was in accordance with fixed rules, and he formulated two

laws which have proven to be practically correct even in the light

of the most recent investigations. These laws are that the mass of

substance liberated from an electrolyte by the passage of a current

through it, is proportional, first, to the total quantity of electricity which

passes through the electrolyte, and second, to the chemical equivalent

weight of the substance liberated.

This can more readily be understood by the following example:

If hydrochloric acid be used as the electrolyte, and an electric

current be allowed to flow through a solution of hydrochloric acid

in water, then the hydrogen (H) will be liberated at the negative

pole and chlorine (CI) at the positive pole. Thus a coulomb of

electricity will always liberate a definite amount of hydrogen

and chlorine respectively. And, as the ion of chlorine weighs

35.5 times as much as an ion of hydrogen, the total weight of

the chlorine liberated will be 35.5 times the weight of hydrogen

liberated. That is, for each gram of hydrogen set free at the negative

pole, 35.5 grams of chlorine will be set free at the positive pole. This

orderly process could not help but show that a very systematic

action was taking place in the electrolyte, and gave rise to much
speculation. Many theories were advanced, but it remained for

Svante Arrhenius, the Swedish physicist, to give an explanation

that satisfied all the conditions. Arrhenius had the advantage on

account of the previous electrolytic experiments of Clausius, and

through observations of Van't Hoff on the passage of electrolytes

through membranes.

According to Arrhenius, every electrolytic molecule is composed

of two parts which Faraday called ions. The one is the kathion and

the other the anion. The anion contains a negative charge, and the

kathion contains an equal positive charge. Under ordinary condi-

tions the two parts of the molecule are closely bound together,

and the two charges of the ions hold the molecule in stable equilib-

rium. When now the electrolyte is put into solution a dissociation

of the ions takes place. But the, dissociation is not sufficient to
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disturb the electrical state of the ions because there are an equal

number of positive and negative charged ions in solution. If,

however, an electric current is introduced, the conditions are mate-

rially changed. The positively charged ions begin promptly to move
toward the negative pole in order again to regain their electrical

equilibrium, and the same movement of the negatively charged

ions, toward the positive pole takes place. When the ion reaches

the pole it loses its charge and then is liberated in its metallic or

radical form, whichever it happens to be.

And it is in connection with the ionic state of elements and

radicals that the corpuscular or electron theory (q.v. page 9) plays

the most important part. From chemical considerations we learn

that the valence of the various elements controls their chemical com-

binations. Thus potassium chlorid (KC1) is a chemical combina-

tion of potassium and chlorine, in which two univalent elements

join, and in each the single bond of the other is reciprocally satisfied,

to form a molecule. The potassium is the kathion and the chlorine

is the anion. When potassium chlorid is put into solution, a dis-

sociation of the molecule takes place and the ionized potassium and the

ionized chlorine exist as such. But the ion differs from the atom in

that the ion is the atom with an electron attached to its free bond.

And the number of electrons associated with an atom, depends on

the valence of the atom. Potassium which is a monad has but

one electron, while copper which is a diad carries two electrons in

its ionic state. Up to the present time no positive electron has been

isolated and, therefore, it has been assumed that none exists. There-

fore, the presence of an electron in an ionized atom would cause

it to be negatively charged while the withdrawal of this electron

would cause it to be positively charged.

The ionization of an atom changes the characteristics of the

atom so that, although they are elementally the same, they differ

in action. The different colors of copper salts, and the poisonous

effects of strychnine, for example, are attributed to ionization.

This, therefore, accounts for the difference in behavior of elements in

solution when they are in the ionic state, and in mass when they are

in their molecular state. Compare the copper, zinc or potassium

ion with metallic copper, zinc or potassium, and the difference be-

comes clear.

An electric current, therefore, must be regarded as a moving



©4 EFFECTS OF ELECTRIC CURRENT

stream of electrons. Under certain conditions these electrons may
travel alone, as in gases, but in liquids they are always attached

to atoms or radicals and their movement depends upon the movement

of the masses to which they are attached.

In view of the fact that an electric current can pass readily

through metals without chemical action, it is here assumed that the

electrons have the power of slipping rapidly from one atom to the

next. But when a current passes from an electrolyte to a metal,

the atom must lose the electron which was attached to it. The elec-

tron passes on through the metal, while the atom is deposited or

liberated at its point of contact with the metal.

2. Polarization Effects.—In close relationship to the electrolytic

effects of the current stand its polarizing effects. In the organism

and in pieces of animal tissue, at the moment of breaking the gal-

vanic current, secondary or polarization currents arise, and their

presence can be demonstrated by delicate indicating instruments.

These currents are opposed to the original currents. They are

undoubtedly analogous to the polarization currents arising in inor-

ganic substances.

Electrotaxis.

For some time the effect of electricity upon the behavior of

minute protoplasmic bodies has formed the basis of microscopic

investigation. When a suspension of such bodies, whether animal

or vegetable, was mounted on a microscopic slide, and examined

under a dark field illumination, it was observed that, when a strong

galvanic current was allowed to flow through the medium, an orderly

movement of the bodies, some to the anode and some to the kathode,

took place. This phenomenon is called electrotaxis.

Red blood cells, white blood cells, and bacteria, are among the

objects that have been studied in this way, and the startling dis-

covery was made that these particles may be positively or negatively

charged, and thereupon will move to the anode or to the kathode

respectively. 1 Comandon, who has made many observations in this

field, describes numerous interesting results in connection with

bacteria. For example, electrotaxis can be used to differentiate

typhoid from colon bacilli. The colon bacilli will move toward the

cathode, while the typhoid bacilli always move to the anode.

'Archive d'Electricitd Medica'e, 1913, Vol. 23.
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This entire line of investigation is very difficult to pursue. There

are many technical difficulties, and the conclusions are often in-

decisive. The technique requires a special culture of the micro-

organism in a special medium, such as typhoid bacilli in gelose; a

minute portion of this is placed in a drop of water, and mounted in

the usual manner on the stage of a microscope. The current is

supplied from a battery of at least twenty-four cells, and the voltage

used may often be higher. Small squares of blotting paper covered

with tin-foil, act as the electrodes, and are carefully attached under

the cover glass so as not to come into contact with the stage of

the microscope.

The difficulties in observation and deduction, lie in the fact that

many bacilli are not susceptible of being fully charged, and also that

their behavior varies in different culture media. With further study,

however, these obstacles will undoubtedly be overcome and the

phenomena of electrotaxis may prove a valuable adjunct to bacterio-

logical studies.

Magnetic Effects and Magnetic Field of the Galvanic Current.

If the wire through which the galvanic current is flowing be

strewn with iron filings, these filings will remain attached to the

wire as to a magnet. If a straight wire through which a galvanic

current is flowing be brought near to a magnetic needle, above or

below it, but parallel to its position of rest—that is, in the magnetic

meridian—the needle will be deflected from its position of rest, and

will tend to take up a position at a right angle to that of rest and that

of its deflecting circuit.

The direction in which the needle will be deflected may always

be predetermined according to Ampere's rule, which says: "Imagine

yourself swimming in the electric current, so that the direction of

the current is from the feet to the head, and that your face be turned

toward the needle; then the pole of the needle that points to the

north will always be deflected in the direction of the extended left

hand of the swimmer" (see Figs. 50, 51, 52).

At the same time that Ampere formulated the foregoing rule for

recognizing the deflecting direction of the current, he furthermore

proposed to utilize the arc of deflection of the needle for the measure-

ment of current strength, and called the apparatus that renders

this possible, a galvanometer.

5
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Magnetic Field.—We know, from practical experience, that a

magnet acts upon a piece of soft iron or upon a magnet placed at a

distance, by attraction or repulsion. Whereas formerly it was as-

sumed that this action was due to the creation of an attraction or

Fig. 50.—Illustrating Ampere's Rule of the Deflection of a Magnetic Needle.

repulsion force at a distance, it is now assumed that by its mere

presence a magnet, in some way of which we are ignorant, modifies

the surrounding medium. Theoretically, this modification covers

an infinite distance, but practically, its distance is limited and the

Fig. 51.—Illustrating Ampere's Rule of the Deflection of a Magnetic Needle.

extent is governed by the strength of the magnet. The extent of

the medium so modified is called the magnetic field. A small

magnetic needle, suspended by a silk thread so as to swing freely

and horizontally, will, if brought into a magnetic field, be deflected
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from its north-south position with more or less rapidity, and in a

different direction, according to the position of the field in which it

is placed—that is, according to the direction and intensity of the

force that impels it to leave its position of rest. If such a needle be

successively placed at each point of a magnetic field, the direction

and intensity of the magnetic force at each point may be determined.

By agreement, therefore, the magnetic field is represented by curved

and by straight lines, which have been obtained by making them,

at each point, take the direction that the magnetic needle would

take if placed at that point ; furthermore, these lines are so arranged

that at each point their distance from adjoining lines is inversely

proportional to the magnetic action at this point; so that the greater

Fig. 52.—Illustrating Ampere's Rule of the Deflection of a Magnetic Needle.

the magnetic action, the closer do the lines approach one another.

This is, of course, a purely conventional matter, for there should

be a line for every point in the space surrounding the magnet. These

lines are designated as lines of force.

Electromagnets.—The knowledge of magnetic properties of a

circuit is, however, considerably older than that just detailed.

Fully twenty years prior to the discovery of the deflection of a

magnetic needle by the galvanic current, it was known that a piece

of iron introduced into a galvanic circuit for a long period of time

finally became magnetic. If a copper wire is wound around a

cylinder of wood or pasteboard so that each turn of wire is well insu-

lated from the adjoining turns, and in the hollow of such a spiral

a solid cylinder of soft iron is introduced, then this iron becomes

magnetic when the current flows through the surrounding wire,

losing its magnetism when the current ceases. Such a magnet is;

called an electromagnet.
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Mechanical Effects of the Electric Current.

In the circuit, the mechanical effects of the galvanic current

are of a molecular or of a molar nature. The molecular effects

become evidenced mostly by structural changes in the traversed

conductor; thus, copper wires that are frequently traversed by a

current, in time have their conductivity altered. The molar action

of galvanic electricity is shown by electric osmosis—the transfer of

fluids, through porous partitions, from anode to kathode (cata-

phoresis)

.

Calorific Effects of the Electric Current.

The thermic actions of the galvanic current have already been

alluded to. If, in the circuit of a battery of low resistance, one

whose cells are joined in parallel, a fine platinum wire be introduced,

the wire will, upon traversal of the current, become heated to a glow.

The quantity of heat thus developed in a circuit in a certain time

has been found proportional to the resistance of the current circuit

and to the square of the current's strength.

It is necessary, however, to mention here, in connection with

calorific effects, that if two points of different potential be connected

by a wire conductor and this wire be consequently traversed by a

current of electricity, heat is produced, which manifests itself, more

or less, by an increase of temperature in the conductor. This effect

ceases almost immediately if an electric equilibrium be reestablished,

but it is kept up if the points connected be maintained at different

potentials. The heat thus produced may be so great as to cause an

incandescence of the wire. The degree of heat produced will depend

upon the quantity of electricity that traverses the wire and upon

the resistance of this conductor.

This question of calorification is important in gahanocautcry

and in lighting.

The Electric Arc.

If two carbon rods are placed in an electric circuit and a direct

current of several amperes is passed through it, the circuit will not

be broken if the rods are separated to the extent of several millimeters

but, instead, the rods will be rendered incandescent while a bluish arc

forms in the gap. The circuit is not broken because the current

passes through the carbon vapor which is produced by the excessive

heat.
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When the direct current is used, the positive carbon becomes

much hotter than its fellow and a so-called crater forms in its apex.

If air is excluded from the space around the arc, the consumption of

carbon is much lessened.

In electrotherapeutics the electric arc is used to produce ultra-

violet rays. By means of induction it can produce oscillations of

very high frequency in a secondary circuit (see Poulsen lamp).

Dynamic Effects of the Electric Current.

These depend upon the fact that electric currents act upon each

other or upon magnets, or, conversely, that magnets act upon elec-

tric currents. This subject will be further elucidated under the head

of dynamic induction.

MEASUREMENT OF THE ELECTRIC CURRENT AND MEASURING
INSTRUMENTS

As we have already seen, there are three prime quantities to

measure in the electric current—viz., electromotive force, which is

measured by the unit called the volt; current, which is

measured by the unit called the ampere; and resistance,

which is measured by the unit called the ohm.

For the measurement of an electric current, various

effects of the current may be made use of: thus, a current

may be measured by electrolysis, by its magnetic action,

and by its calorific properties.

Electrolytic Measurement.

The apparatus that is used to measure a current by
means of its electrolytic action upon liquid is called a

voltameter (not to be confounded with voltmeter), and ^oitamet^
may consist, for example, of a vessel containing acidulated

water, in which are two strips of platinum, the lower end of each

being connected through the bottom of the vessel with a pole of a

battery, the upper and free end of each being covered by an in-

verted test-tube that has been filled with acidulated water prior

to such inversion (see Fig. 53). When the current then flows, the

gas—hydrogen or oxygen—formed at each platinum strip collects

in the respective tubes, forcing out the water. In the case here

assumed one tube fills with gas twice as quickly as the other, be-

cause water consists of two parts of hydrogen and one part of oxy-
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gen; the (— ) strip from which hydrogen is liberated gives off twice the

volume of gas in a stated time that the other (+) strip gives off of

oxygen. No matter what the composition of the electrolyte, the

same quantity of electric current will give rise to the same quan-

tity of electric decomposition in a given time.

What we have now measured, therefore, is quantity, or, in other

words, coulombs. If we have 10 amperes flowing for one minute, or i

ampere for ten minutes, the quantity of electricity will still be regis-

tered the same—viz., 600 coulombs. This result is easily arrived at.

It will be remembered that one ampere delivers one coulomb each sec-

ond. Then in one minute 60 coulombs, and in ten minutes 600 cou-

lombs, must be delivered. Conversely, 10 amperes deliver 10

coulombs each second; therefore in one minute a current of 10 amperes

delivers 60 times 10, or 600 coulombs.

Inasmuch as the current flowing through any section of a circuit

is the same as that flowing through any other section, the following

electrolytic laws may be deduced:

1. The quantity of chemical action is the same at all points of a

circuit.

2. The quantity of an ion liberated at an electrode in a given

time is proportional to the quantity of the current passing in a given

time (amperes).

3. The weight of an ion liberated at an electrode in a given time

is equal to the quantity of the current multiplied by the electro-

chemical equivalent of the ion.

Hence by this electrochemical decomposition the coulomb may
practically be measured, according to the nature of the electrolyte,

by measurement of the quantity or of the weight of the liberated ion.

Measurement by Magnetic Action.

We have seen that upon the deflection of a magnetic needle from

its normal position by a current of electricity depends the construc-

tion of the galvanometer, and that such a galvanometer will not only

show that a current is passing, but will measure its strength and in-

dicate its direction. According to Ampere's law, it may easily

be demonstrated that if a current pass above the needle, and parallel

to it, from south to north, the north pole of a magnetic needle will

be deflected to the west, while if the current flow in the same direction,

but underneath the needle, the north pole will be deflected to the

east. When the current flows above from north to south, the
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1

north pole will be deflected to the east, and if it flows in the same

direction below it, the needle swings to the west. Accordingly,

a current, passing through a wire that encircles such a magnetic

needle, which is so balanced that it may swing easily, will flow in

one direction in the part of the wire above the needle, and in the

opposite direction in the part of the wire below the needle, and,

therefore, tend to deflect the needle in one and the same direction.

Hence the encircling wire produces a summation of effects, and

causes the needle to swing in one direction with double the force

that a current passing merely above or below would deflect it.

In figure 54, let a b b' a' represent a wire through which a cur-

rent is flowing in the direction indicated by the arrows. It is clear

that if the current were flowing above and below in the same direc-

tion

—

i.e., from a to b above, and from

a' to b' below—the one current would

oppose the other and the needle would

be unaffected; but as the current be-

low the needle flows from b' to a',

both the upper and lower parts of the

current must exert their force upon FlG
- S4

-Ti?
h
TT?5 ^

he Principle of
r the Multiplicator.

the needle in the same direction.

This -effect may be increased by increasing the number of turns

of wire, and it would be directly multiplied according to the number

of turns, were it not for the fact that by such an increase in turns of

wire the resistance of the circuit is also increased. Such an arrange-

ment of turns around a magnetic needle is called a multiplicator, and

upon this the construction of the majority of current meters depends.

The needle of all such instruments is, however, influenced by the

magnetism of the earth, and this necessitates placing the instrument

so that the needle shall point magnetically north and south. This

is often impracticable, and therefore it becomes necessary to neu-

tralize in some way the effect of the earth's magnetism upon the

needle. This can be effected by taking two similar needles, plac-

ing them above and parallel to each other, and connecting them

rigidly, so that their poles point in opposite directions, as is shown in

figure 55. Such a pair of magnetized needles is called an astatic

system.

Perfect astaticism is a mechanical impossibility; the majority of

such systems tend to come to rest in a more or less east-west posi-
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tion, just as a very weak magnet would ; while a perfect astatic sys-

tem should remain pointed in any direction in which it is placed,

without having any tendency to alter its position. A galvanometer

N<-

->N

Fig. 55.—An Astatic System of Needles.

constructed with such a system is called an astatic galvanometer,

and the system herein is deflected by a current passing through a

coil, the same as that previously described.

>N

Fig. 56.—Showing the Method of Winding Coil in the Original Form of Astatic

Galvanometer.

In the instruments of older make, the coil is usually so wound
that it passes above and below the lower needle, and only below

the upper one, as is shown in figure 56.
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The current through the coil will act so as to turn each needle

of the system in the same direction.

In more recent instruments both needles are surrounded by coils

of wire, so that we have a multiplied effect, as is shown in figure 57.

The mirror galvanometer is an in-

strument used for the measurement of

very small currents—currents so small

that their reading upon the scale

would be difficult on account of the

slight deflection of the needle ; and for

this purpose the principle governing

reflected light is made use of.

A ray of light striking a perfectly

plane mirror will be reflected from the FlG 57._Showing the Method of

mirror at an angle equal to the angle Winding Coil in improved Form of

.... . .. . .. . Astatic Galvanometer.
of incidence. A very small and light

mirror is therefore attached to the needle of a galvanometer, and

moves when the needle moves. A ray of light made to strike the

mirror perpendicularly, when the needle stands at zero, will be re-

flected straight back. If, however, the needle, and with it the

mirror, be moved through any angle, the reflected ray will no

Fig. 58.—Scale of Mirror Galvanometer.

longer be reflected perpendicularly, but will be reflected at an

angle dependent upon the deflection of the needle. Thus, if A
o B (Fig. 58) be a semicircular scale, and at o there be a small

hole through which a ray of light passes and falls perpendicularly

upon the mirror mn, then the ray will be reflected directly back



74 EFFECTS OF ELECTRIC CURRENT

through the hole so long as the position of the mirror remains un-

changed; if, however, the mirror be tilted, as shown in figure 59,

the light striking the mirror at an angle of say 20 degrees, it will

also be reflected at an angle of 20 degrees, and the spot of light will

be seen on the scale at a point marked 40.

The angular deflection of a reflected ray is double that of the

angle of the mirror that deflects it, and we are thereby enabled to

divide the scale into larger divisions, and thus obtain a more accurate

reading.

For practical purposes, especially for rapid reading, the oscilla-

tions of the magnetic needle must be decreased. Such a decrease

is obtained by damping; and instruments so damped are called

A ^*n B

Fig. 59.—Showing Course of Deflected Ray on Scale of Mirror Galvanometer.

dead beat. The damping may be effected in various ways: as by
placing around a needle pieces of copper or a mass of copper; or by

immersing the needle in a cell filled with a liquid; or by attaching

wings of mica to the needle.

So, also, it is often necessary to measure currents so large that

the instrument would be endangered by their use. To guard against

such injury and to increase the reading capacity of the instrument,

a shunt is introduced; that is to say, another path is furnished that

is parallel to the first and through which the current may flow. The
principle of the shunt has already been explained (see derived or

shunt currents, p. 54), and according to this principle we can ar-

range the resistance in the shunt so that any desired portion of the

current will pass through this, while the remainder passes through

the galvanometer. Thus, for example, if the resistance of shunt and
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galvanometer is made to equal 10, and it is desired that %o of the

current pass through the shunt and only J-io through the galva-

nometer, then the resistance of the galvanometer must be 9 times as

great as that in the shunt.

The differential galvanometer is an instrument so constructed

that its needle is acted upon by two equal coils wound so as to oppose

each other. When equal currents flow through

the coils, the action of one current neutralizes

the action of the other, and the needle remains

at rest. Any difference in the equality of the

current strengths will cause a deflection that

will, of course, be proportional to the inequality.

Galvanometers that are so arranged as

actually to measure the current are called am-
peremeters, or this term is contracted to ammeters.

A practical ammeter must, of course, be less delicate in con-

struction than the instruments thus far spoken of, as we must be in

a position to measure very large currents. The principles upon

which such an instrument is constructed are very simple. Above

Fig. 60.—Showing Prin-

ciple of the Ammeter.

s El 3n

Fig. 61.—Ammeter. Fig. 61A.—Arrangement of Am-
meter Needle.

all, the scale of the instrument must be so divided that it may be

read directly in amperes, every number marked thereon represent-

ing an ampere. The further principles are represented in figure 60.

Thus, let N S represent a strong permanent magnet, between the

poles of which a small needle, S N, is suspended; the position of rest
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of this needle will be controlled by the magnet, while a light pointer,

carried by the needle, will indicate its position of rest, or zero mark,

upon a scale provided for this purpose". Above and below the needle

is a coil, C C, through which the current to be measured is made to

flow. By such a current the needle will be deflected from its posi-

tion of rest, and the pointer from the zero mark of the scale. The
position that the pointer occupies upon the scale when i, 2, 3, 4,

etc., amperes of current flow through the coils may then be marked
accordingly, and a scale thereby calibrated for direct reading.

Various means may be employed

to hold the needle in a fixed, or zero,

position; a permanent magnet, an

electromagnet, a spring, or the action

of gravity is used to accomplish this.

A form of ammeter frequently

used is shown in figure 61. A short

needle, N S, is fixed on a shaft, P
(Fig. 61 A), which turns in jewel

cups and is mounted between the

poles of two strong magnets (see

Fig. 62).

A form of instrument that is

practically free from the magnetic

influence of the earth, and that is

extensively used, is the Weston am-
meter. This instrument and its

working parts are shown in figures

63 and 64. Here the coil C is placed between the poles of the per-

manent magnet M M M M (only visible in Fig. 63). Coil springs

S S hold the coil in the zero position, and carry the current to be

measured into, and out of, the coil C. So long as no current flows

through the coil, a pointer, R, attached thereto, remains at the

zero point of the scale; so soon, however, as a current passes through

the coil, the electromagnetic action thus set up causes the pointer

to move through a certain distance upon the scale, and this distance

can be read off directly, and indicates the strength of the flowing

current. This instrument is usually provided with a shunt, and then

carries two scales, upon one of which the entire current may be read,

and upon the other the portion that passes through the shunt.

—Showing how the Ammeter
Needle is Mounted.
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Either reading may be selected by means of the special mechanism

that introduces the shunt or throws it out.

Fig. 63.—Weston's Ammeter, Showing Working Parts.

Voltmeters.

In addition to measuring the current strength, it is also necessary

to measure the current pressure, or voltage. The instrument used

is called a voltmeter, and al-

though differing from the am-

meter in construction, need not

do so in principle.

For a clear comprehension

of the construction of a volt-

meter, it is necessary to remem-

ber the underlying principle of

all measurement—t hat the

means used to measure must

not alter that which is meas-

ured. As, however, all meas-

uring instruments have some resistance, the introduction of such

an instrument into a circuit will change somewhat the conditions

with which we are dealing.

Fig. 64.—Weston's Ammeter Complete.
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An ammeter must, in order to be used, be placed in the circuit

so that the current will flow directly through it ; that is to say, it

must be placed in series with the remainder of the circuit, and there-

fore adds resistance. If the resistance of such an instrument be

large and the resistance of the remainder of the circuit be small,

while the pressure remains constant, the current obtained would be

materially lessened. It is therefore necessary, in order to measure

the real current strength, to make the resistance of an ammeter as

small as possible as compared with the resistance of the remainder of

the circuit.

Measurement of Pressure.

Pressure may be measured in an analogous manner to current

strength, by the differential or by the comparative method. Thus,

in the former case, the difference between certain pressures, acting

upon a magnetic needle through different equal paths, may be cal-

culated. In the latter case the needle will not be moved if the

pressures be equal ; and, furthermore, a certain unknown pressure may
be determined if its effects be compared with those of a certain known

pressure. Governing all methods is the fact, which must receive

due consideration, that if the outflow of the current is more rapid

than the inflow, the pressure, or electromotive force, cannot remain

constant. Thus, referring again to the analogy of water in a tank,

the pressure in the tank will depend upon the height of the body of

water that it contains. Let the water (Fig. 65) be supplied from the

top by means of an inlet, and be allowed to run out at the bottom

by means of many outlets; if all the outlets be open, the water will

escape more rapidly than it accumulates, and the pressure will

diminish. It is therefore necessary, in order to keep the pressure in

such a tank constant, to diminish the outflow and to regulate it in

accordance with the inflow.

The desideratum is the same with electricity, and the method

of attaining it is the same. In the case of the water we turn off

some of the stop-cocks; in the case of electricity we introduce re-

sistance and take a smaller current. The smaller we desire to make

the current, the more resistance must be introduced; that is, in

order to measure electromotive force correctly we must have a

small current, hence a large resistance. Practically, then, we
require an ammeter of large resistance in order to measure electro-

motive force.
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The formula, C = E.m.f.

R , may be translated into: current varies

directly as electromotive force, and inversely as resistance, so that if

electromotive force is in any way altered, current will be altered

correspondingly if resistance remain unchanged.

The resistance of an ammeter or a voltmeter remains practically

constant. If, then, we take such a voltmeter (an ammeter of high

resistance) and join it by its terminals to the two points of a circuit

ITS

Fig. 65.

p p P P P P P

-Showing the Relation of Pressure to Outflow in a Water Tank.

whose difference of potential we wish to ascertain, then C = E.m.f.

R
the same instrument, joined similarly to any other two points, will

E'.m'.f.
give us C" = '

'

; both equations compared mean that the in-

dications of current C C" will be proportional to the differences of

e.m.f. and e'.m'.f. and this difference will be given in volts, if a

scale be calibrated for this purpose. If C be 2, 3, or 4 times as

great or small as C, then E' will be 2, 3, or 4 times greater or smaller

than E. What we require to know, in order to make a scale, is

the e.m.f. "x" that will give a current "j." If we have a current

2 y, the pressure must be 2 x, etc.
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While here, again, there are many good instruments, the best is,

no doubt, the Weston voltmeter, which is constructed upon the same

principle as the ammeter of the same name, but which has a high

resistance coil of fine wire (Fig. 66), placed in series with the moving

coil, instead of the shunt coil of low resistance placed parallel to it.

Here, also, two sets of readings may be obtained by winding the high

resistance coil in two sections of different lengths, and hence having

Fig. 66.—Weston's Voltmeter.

different resistances. Every instrument must be adapted to the

purpose for which it is used, and these or similar instruments are

the ones best adapted for the currents used in medicine. It is,

therefore, unnecessary to enter upon a description of voltmeters

essentially different in construction and principle.

Measurement of Resistance.

The last quantity, the measurement of which we must elucidate,

is resistance, the unit of which is the ohm, represented by the resis-

tance of a column of mercury 1.06 meters in height, with a cross-

section of 1 square millimeter, at the temperature of melting ice;
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or it is represented by the resistance of a copper wire 3^o of an inch

in diameter and 250 feet long.

As mercury standards are impracticable, standards of some other,

usually a metallic, conductor are employed. Such instruments are

called resistance coils, and they may be made, according to their

length and thickness, to represent any desired part of an ohm or

any number of ohms. No matter what materials are used, certain

basic principles must be followed in the construction of such a

resistance coil.

1. Its resistance must be carefully measured by a certain stan-

dard of resistance.

2. It must be constructed of material whose resistance changes

but slightly with change of temperature.

H H H
Fig. 67.—Construction of Resistance Coils.

3. It must be insulated from adjoining conductors and protected

against moisture, and if wire coils are used, the wire must be dou-

bled back upon itself, to prevent self-induction.

The construction of such a set of resistance coils is best studied

with the aid of a diagram (Fig. 67). A A A A are thick blocks of

metal; F is a plug of metal that fits into the conic holes bored

into the blocks A A A A, and whose upper part is of ebonite. The
plate C C covers and insulates the coils H H H. These coils

are made up of wire so wound as to double upon itself, in order to

prevent self-induction. Each coil connects two metal rods of suffi-

cient thickness to offer no resistance to the current, and one of

these rods is attached above to the first block, the second to the

adjoining block, etc.; the first rod of the second coil is connected

6
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to the distal end of the second block, the second rod to the proxi-

mal end of the adjoining block, etc. The coil of wire connecting

each set of rods has been carefully measured. These sets (coils

and rods) of known resistance may be substituted for any unknown
resistance, and the unknown resistance thereby measured. It will

be seen that if a plug be introduced into any hole, the current

taking the path of least resistance will flow through the metal

block in front of the plug, through the plug and the block behind,

thus throwing out the coil immediately below the plug; and that,

therefore, the more plugs we introduce, the lower will be the resist-

ance of the circuit; so, also, if no plugs be introduced, the entire

available resistance will be in circuit. By having a sufficient num-

* g 3" E
40

xzdc:
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X^35Z3C_
1000 2000 3000 4000

)CZXZ3£Z^

Fig. 68.—Arrangement of Resistance Coils.

ber of such coils, calibrated from i ohm upward, we can, by group-

ing them in boxes, introduce any desired resistance into the circuit.

By means of only 16 coils, arranged as shown in figure 68, any

number of ohms from i to u,no may be introduced.

Thus, let us take the circuit shown in diagram in figure 69, con-

sisting of a battery, B, an unknown resistance, R, and a galva-

nometer, G. The deflection of the galvanometer needle, caused by

the current, is first noted; then the set of known resistances is

substituted for R, and resistance coils are thrown out by the inser-

tion of plugs, until the galvanometer needle gives the same deflec-

tion as in the first case. The resistance remaining in the circuit

will necessarily equal the resistance previously introduced—viz.,
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the unknown quantity; and the reading thus obtained is the measure

desired.

If, as may be the case when either a very large resistance or a

fraction of an ohm is to be measured, this substitution method
is impracticable, recourse must be had to the method that forms

the basis of many kinds of resistance boxes—viz., that of the

Wheatstone bridge.

The law governing the principle of the bridge is: "If a current

divides into two branches that are connected by a transverse con-

ducting path, then, if there be no current in the transverse path

R UJ&

Fig. 69.—Showing Method of Determining Unknown Resistances by Substitution.

(bridge) , the resistances of the two parts of one branch will be equal

to the resistances of the two parts of the other, branch."

Thus if, as is shown in figure 70, in the circuit BCD the cur-

rent be divided at C D into C E D and C F D, and, furthermore,

the points E and F be connected by a conductor (bridge), then a

galvanometer introduced in the bridge E F will, if the parts C E
and E D be proportional to C F and F D, show no deflection of its

needle; because the current flowing above the needle is equal to

the one flowing below, and their actions neutralize each other. If,

now, C E be so constructed as to have the same resistance as E D,

and variable known resistances be introduced between D and F,

while the unknown resistance to be measured is placed between C
and F, then, when the resistance introduced into D F equals the

unknown resistance in C F, the needle will return to rest at the zero

point and the resistance of D F gives the measure desired.
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The Wheatstone bridge is, of course, the most convenient instru-

ment with which to measure resistances; but it may occur that the

resistance of a wire coil or lamp is wanted, while no Wheatstone

bridge is to be had to measure it. Under these circumstances a

simple method, dependent on Ohm's law, can be employed. The
necessary apparatus are the amperemeter, the voltmeter, and the

source of current. It will be remembered from Ohm's law that

Fig. 70.—Showing Method of Determining Unknown Resistances by the Wheatstone
Bridge.

R =
C

So, if we measure the current before it enters into our

unknown resistance and then measure the electromotive force after

it has encountered the resistance, we shall have two known quanti-

ties for our equation and can easily find the unknown quantity, R.

For example, let us find the resistance offered by an incandescent

lamp:

In figure 71, A represents the lamp of unknown resistance, intro-



DETERMINATION OF UNKNOWN RESISTANCES 85

duced into our circuit. The arrows show the direction of the cur-

rent. Let us introduce an amperemeter, B, so as to determine

our original current before it enters the lamp. In order to determine

the electromotive force we insert the voltmeter, C, into the circuit,

Fig. 71.—Showing the Method of Determining Unknown Resistances by Means of an
Ammeter and a Voltmeter.

so as to measure the potential after the current has encountered the

resistance. We now take our reading. The amperemeter registers

0.50, and the voltmeter 109.50. Then, as R = p? :—
• 201.90

ohms is the resistance offered by the lamp.



CHAPTER V

OTHER METHODS OF OBTAINING AND ALTERING
ELECTROMOTIVE FORCE

Dynamic Induction. Magnetic Induction. Volta-magnetic Induction

apparatus. Dynamos. Thermo-electricity. Thermopile. Sinu-

soidal Current.

Induction.

Of static induction we have already spoken, but the induction

produced by means of dynamic and magnetic effects is governed by

entirely different laws.

Fig. 72.—Showing the Method of Producing an Induced Current.

In 1 83 1 Faraday discovered that a wire traversed by a current,

and suddenly brought near to another wire through which no cur-

rent is passing, develops in the second wire an instantaneous cur-

rent of electricity. If the wires, instead of being suddenly ap-

proximated, are suddenly separated, the same thing will occur. As
86
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it is the approach or the withdrawal of the electric current in the

first wire that sets up the momentary current in the second wire,

we can more conveniently demonstrate this action by introducing or

removing an electric current into or from the first wire. This will

be made plain by the following illustration (Fig. 72).

Let A represent a galvanic circuit supplied by the current from

a battery, B, and having at some part a switch, S, that will enable

us to introduce and throw out the current; and let C represent a

similar wire circuit placed parallel to A, and in which is placed a

galvanometer, G. If the switch at S be closed, a current will flow

through A in the direction indicated by the arrows. At the moment
the circuit in A is thus closed, the galvanometer needle, which, while

at rest, occupied the north-south position, will be deflected. This

deflection will be to the west—that is, the north pole of the needle

will be turned to the west; but it will return immediately to its

north-south position, retaining this while the current continues to

flow through A. At the moment the circuit is again broken at

S the needle will again be deflected, but this time in the opposite

direction, with its north pole to the east. Therefore a reverse cur-

rent is produced in B at the moment the circuit is closed in A, and at

the moment the current is broken in A a current will be generated in

B whose direction is the same as the one that had existed in A.

This production of momentary currents in a closed electric con-

ductor, by making and breaking a current in an adjoining galvanic

circuit, is called electrodynamic or voltaic induction. The galvanic

current circulating in A is called the primary current; the current that

is set up in B, and whose direction is opposite to the primary one, is

called the closure induction current; while the current of similar direc-

tion to the primary one is called the opening induction current. In-

creasing or decreasing the current strength in A will produce in B
the same effects as closing and opening the A circuit. If, further-

more, instead of making use of an inducing galvanic current for the

production of such momentary induced currents we make use of a

magnet, approaching and withdrawing it suddenly from B, the

same results would be obtained—viz., the production in B of cur-

rents of opposite directions to each other. So, also, the same

effects may be produced by the magnetization or demagnetization

of an iron core of an electromagnet, as well as by increasing or

decreasing the quantity of such magnetism.
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This production of momentary electric currents in a closed elec-

tric conductor by means of the approach or withdrawal of adjoining

magnets, or by the magnetization or demagnetization of the core

of an adjoining electromagnet, is called magneto-induction.

In order to produce an intensification of energy, the wire A may
be wound around a nonconducting cylinder; the wire itself being

covered with silk, each turn of the spiral is insulated from the ad-

joining turn. Over this wire the second wire, B, also covered with

silk, is wound (Fig. 73).

The cylinder so wound with wire is called an induction coil; the

wire A, which is first wound round the cylinder and in whose cir-

cuit the current is made and

broken, is the inducing wire;

the wire B, in which the mo-

mentary currents are set up
and from which they are

collected for use, is called the

induced wire. The inducing

wire and the induced wire may
each be wound upon a sepa-

rate nonconducting cylinder,

the one being sufficiently small

to allow of its introduction

into the other; we then have

a model according to which

the sled induction apparatus is constructed. Herewith the strength

of the secondary current may be varied, for if the secondary coil

cover the primary coil to its full extent, the number of turns of

wire in which induction takes place will be greater, and hence the

current stronger, than if only a part of the primary coil be so covered

by the secondary one. It will thus be seen that by increasing the

number of turns in the coils we also increase the strength of the

secondary currents. Another method by which induced currents

may be increased in strength is the ingenious combination, already

known to Faraday, of magneto- and volta-induction. This combina-

tion Faraday effected by introducing a core of soft iron into the

primary spiral. Upon the closure of the galvanic current this iron

core becomes an electromagnet, but upon the opening of the current

the magnetism disappears; and thus the production and withdrawal

Fig. 73.—An Induction Coil.
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of magnetism in the iron core act inducingly upon the secondary

coil, in the same manner as do the closure and opening of the current,

so that the influence of the primary coil becomes summated, the

volta-induction currents acting together with the magneto-induction

ones.

The action of induction previously described as taking place

between adjoining parallel wires must, of course, also take place

between the adjoining wires of the primary coil, and this fact ex-

plains the observation made by others, but correctly interpreted by

Faraday, that when a current that is flowing through a long wire

spiral is interrupted, an opening spark is obtained that is stronger

than the opening spark obtained from the source of the induction

itself, and that, furthermore, the longer the wire of the spiral, the

stronger is the opening spark. The explanation of these phenomena

is that the cessation of the current in one turn of the spiral produces

a similarly directed momentary current in the adjoining turn;

these currents between the single turns become added to each other,

and produce the opening induction spark, which necessarily is the

greater, the more numerous the turns of wire that make up the spiral.

This induction action takes place not only with the opening, but

also with the closure, of the current, when this induction current

that arises in the primary coil is known as the extra current, or

primary induced current, in contradistinction to the secondary

induced current produced in the secondary coil.

The construction of an apparatus for the production of a volta-

induced current can easily be deduced from the foregoing descrip-

tion of the principles underlying the sled apparatus, except that in

addition to a source of galvanic current, a primary coil with a core

of soft iron, and a secondary movable coil, some mechanism by

means of which the electric current can rapidly be made and bro-

ken must be employed. More will be said in reference hereto

when we describe apparatus of an essentially medical nature. Here

it is, nevertheless, still necessary to speak of the principles that

underly the construction of a magneto-induction apparatus. The

essentials of such an apparatus are:

1. A magnetic source (a permanent or an electromagnet).

2. The induction spirals.

3. A mechanism by which the induction spirals may be ap-
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proached to and withdrawn from the magnetic source, or by which the

latter may be approached to or withdrawn from the former.

4. A mechanism for the collection of the induced currents thus

produced.

The approach and separation of the magnet and coil may be

effected by rotating the induction spirals in front, above, below, or

between the poles of a horseshoe magnet, or by rotating such a

magnet in front, above, below, or around the induction spirals.

The induction spirals may be variedly constructed.

Fig. 74.—Faraday's Magneto-electric Machine.

The earliest and simplest magneto-electric machine was con-

structed by Faraday. This machine is shown in figure 74.

One of the oldest forms is the horseshoe inductor, in which the

induction coils are placed so as to surround the ends of a core of

soft iron bent in the shape of a horseshoe, as shown in figure 75.

This inductor is made to rotate below, behind, or in front of the poles

of the permanent magnet. Another form of inductor is made of a

cylindric iron core having a deep groove upon two opposite surfaces,

in which the wire of an induction spiral is so wound that the turns

run along the cylinder lengthwise, from the groove of the one sur-

face to the groove of the other. This cylindric inductor is made

to rotate between the poles of the horseshoe magnet in such a manner
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that its axis is parallel to the arms of the magnet. Of entirely

different construction is the Gramme ring inductor.

For gathering the current either a collector or a commutator

is made use of; in the first case only alternating currents are obtained;

in the second, unidirectional ones.

Without entering here upon a detailed description of such

machines, it may be stated that the industrial machines for fur-

Fig. 75.—The Horseshoe Inductor.

nishing current for technical purposes are, with more or less com-

plication, constructed essentially upon such a plan.

The modern dynamo is an apparatus that is unsurpassed for sim-

plicity of construction and efficiency in transforming one kind of

energy into another. The dynamo is actually a reversible machine,

which either transforms mechanical energy into electric energy, as



92 OBTAINING AND ALTERING ELECTROMOTIVE FORCE

Fig. 76.—Thermo-electric Couple.

is the case in the magneto-machine just spoken of. or it transforms

electric energy into mechanical energy. In the first case it is called

a dynamo; in the second, a motor.

The simplest form of dynamo necessarily gives an alternating

current and is called an alternator. When supplied with the piece

of apparatus called the commutator, the current in the practical

(external) circuit is constant in one direction. To such a direct

current machine the term dynamo
is restricted by many.

Currents from such machines

are supplied from central stations

for illuminating purposes, and are

available in most houses of large

cities. Special consideration will be given in another chapter to the

adaptability of these currents for medical purposes.

•Thermo-electricity.

A source of electricity that has hitherto been impracticable and

that seems now to promise a satisfactory current supply for many
medical purposes is the thermo-electric element.

A polished copper wire bent in the shape of a ring, the two ends

being connected with a delicate

galvanometer, will, if heated at

any part, cause a deflection of 1

the needle, thus showing that

the application of heat has pro-

duced a current of electricity 3

in the ring. If such a ring be

made of two different metals,

by soldering them together s

lengthwise the deflection of the

needle will be greater than if the

ring be made of copper alone.

If a bar of bismuth, B (Fig. 76), and a bar of antimony, A, be

soldered together at one end, S, and the free ends are joined by a

wire, a current of electricity will flow through the wire when the

solder isheated; if the solder be cooled, a current of opposite direction

will be created. A number of such couples or elements (Fig. 77)

may be joined together so that a bar of antimony alternates with a

bar of bismuth. The intensity of the current is thereby increased,

Fig. 77.—Thermopile.
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a smaller quantity of heat causing deflection of the needle of a gal-

vanometer in circuit. Such an arrangement is called a thermopile,

or thermo-electric battery, and the current derived therefrom is termed

thermo-electricity.

Experiments made with various combinations of metals show

that the different metals may be arranged into an electromotive

series that is governed by the same laws as those that govern a

voltaic series. This series is: Antimony, iron, zinc, silver, gold, tin,

lead, mercury, copper, platinum, and bismuth. The antimony

forms the positive, and the bismuth the negative, end of the series.

In a thermocouple of antimony and bismuth, which gives the

greatest difference of potential and therefore, other things being

Fig. 78.—The Noe Thermopile.

equal, the greatest electromotive force, the current produced by

heating the soldered place flows from the bismuth to the anti-

mony; that caused by cooling the solder flows from the antimony

to the bismuth.

The intensity of the thermocurrent is dependent, aside from the

specific constituents of the source, mainly upon the differences

in temperature of the two soldered ends, but also in part upon the

absolute temperature of the two metals. Therefore the higher the

heat in the metals, and yet the greater their difference of tempera-

ture, the stronger will be the current obtained.
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A practical form of thermobattery, one that has been widely-

copied and modified, is that constructed by F. Noe, of Vienna, and

known as the Noe thermopile. This pile is shown in figure 78. The

source of heat is a Bunsen flame. Such a battery of thirty couples

possesses an internal resistance of 0.4 ohm, and an electromotive

force of about 2 volts; thus, short circuited, it would furnish a current

of 5 amperes.

Sinusoidal Current.

A great deal of attention has of recent years been given to the use

of the sinusoidal current in electrotherapy, and as this current

is a form of the induced current that we have just studied, it will

not be amiss to speak of it here.

A sinusoidal current is an alternating induced current in which

the electromotive force is so varied that its rise and fall in a positive

direction are immediately succeeded without a break by an exactly

corresponding fall and rise in the negative direction, and this

rise and fall in both directions would, if graphically illustrated,

describe a sine curve. This will be better understood by reference

to the pages that follow and that deal with the varieties of electro-

motive force.
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VARIETIES OF ELECTROMOTIVE FORCE

Continuous. Alternating. Pulsating. Steady. Symmetric. Dis-

symmetric. Intermittent. Nonintermittent. Sinusoidal. Nonsinusoidal.

High Frequency.

Inasmuch as there is but one electricity and the action of elec-

tricity upon organic and inorganic substances varies according to the

source from which the electricity is obtained, it is necessary to

inquire into the causes of such variation.

These causes are dependent, first, upon the variations in the

electromotive force, which sets the electricity into action, upon its

duration, and upon its direction; and, secondly, upon the other

factors governing the flow of current, quantity, and resistance. An
examination of the variations in duration and direction of the elec-

tromotive force produced will make clear the characteristics of the

different currents.

These currents, following Houston and Kennelly, are:

f

Intermittent

[
Pulsating

Currents «

Continuous

Alternating

[ Steady

i

Symmetric

Dissymmetric

Nonintermittent

Sinusoidal

Nonsinusoidal

Houston and Kennelly 's description is as follows:

Varieties of Electromotive Force.

The voltaic or primary cell and the storage or secondary cell will

produce an electromotive force that, so long as the chemicals remain

unchanged, does not vary in strength. Such an electromotive force

is, therefore, called a continuous electromotive force.

A continuous electromotive force is also obtained from a number

of other electric sources, such, for example, as a continuous current

95
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dynamo, which, so long as its speed of rotation remains the same,

produces an electromotive force that is practically continuous.

Figure 79 represents graphically a continuous electromotive force.

The straight line A-S is drawn parallel to the base line o-S, at a

distance representing 1.1 volts. Time is measured along the base

line o-S, and the fact that the line A-S runs parallel to the base line

illustrates the constancy of the electromotive force, which might be

that of a single Daniell cell. Two such cells connected in series

would produce an electromotive force of 2.2 volts, represented by

the straight line C-D, twice as far above the base line as* is the line

A-S.

An electromotive force possesses direction as well as magnitude;

that is to say, it may tend to send a current through a circuit

o
>

2.2 c

1.1 A

1.1 E

-S

_i 1

SECONDS

Fig. 79.—Graphic Representation of a Continuous Electromotive Force.

in one direction or in the opposite direction. All electromotive

forces that tend to send the current in one direction may be regarded

as positive, and all that tend to send the current in the opposite

direction as negative.

Positive electromotive forces are represented graphically by dis-

tances above the line o-S, and negative electromotive forces by dis-

tances below it. Thus, in figure 79 the line E-F would indicate a

negative electromotive force of 1.1 volts, or an electromotive force

directly opposed to that of the line A-S. Figure 80 shows the

electromotive force produced by a continuous current dynamo.

Here the line A-B is parallel to the base, as before, but instead of

being straight, is a fine wavy line. These little waves represent
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variations in the quantity of electromotive force produced every

time that the bar of the commutator passes underneath the electric

brush. These wavelets exist in the electromotive force of every con-

tinuous current dynamo. When they are very marked, as repre-
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Fig. 8o.—Graphic Representation of the Electromotive Force Produced by a
Continuous Current Dynamo.

sented in figure 8i, the electromotive force is said to be pulsatory.

Such electromotive forces are produced by some continuous current

generators, usually for supplying arc lamps. It is evident that at

different times the electromotive force varies considerably in its

Fig. 8i.

TO t<3 TO VQ ' 7

-Graphic Representation of a Pulsatory Electromotive Force.

L
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magnitude, but it never changes direction, and the line A-B is

always on one side of the zero line o—S ; that is to say, it has always

the same direction in the circuit, just as though a battery of voltaic

cells were employed to send a current through a circuit, and at

7
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intervals a certain number of these cells were cut out and later

reintroduced.

When the waves start each time from the zero line, the electro-

motive force is said to be intermittent. Figure 82 shows that,

TIME
Fig. 82.—Graphic Representation of an Intermittent Electromotive Force.

at certain periods, an electromotive force exists in the circuit in

one direction, and that during the intervals there is no electromotive

force whatsoever. The intermittent electromotive force can be ob-

10-
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SECONDS B

- 5 —

.
A

Pig. 83.—Graphic Representation of an Alternating Electromotive Force.

tained by connecting a continuous electromotive source

—

e.g.,

a voltaic battery—to a wheel interrupter in such a manner that

the electromotive force will periodically be cut off and applied.

In all the foregoing cases, although the strength of the electro-
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motive force varies at different times, yet at no time does it change

direction, so that the curved line lies wholly above the base line.

When the electromotive force changes direction as well as mag-

nitude, it becomes alternating. Thus, in figure 83 the electromotive

Fig. 84.—Graphic Representation of a Gradually Alternating Electromotive Force.

force is seen to alternate between 10 volts positive and 10 volts

negative, the transitions in this particular case being made
instantaneously. Such an electromotive force may be produced by
connecting a battery of voltaic cells with a current reverser in such

a manner that, by rotating the handle, the electromotive force
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Fig. 85.—Graphic Representation of a Gradually Alternating Electromotive Force.

will periodically be reversed without being withdrawn from the

circuit.

It is not necessary that an alternating electromotive force should

change abruptly from its maximum positive to its maximum nega-
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tive value. In fact, in most cases the change occurs in a more

gradual way, as shown in figure 84, which illustrates a common
type of alternating electromotive force.

Figures 85 and 86 represent the same alternating electromotive

force, although the graphic appearance of the waves is changed,

owing to the variations of the scale of time along the base and of

the scale of electromotive force along the vertical line.

It will be observed that in all representations of alternating elec-

tromotive force there is first motion in one direction, in which the

20-

FiG. 86.—Graphic Representation of a Gradually Alternating Electromotive Force.

electromotive force beginning at the base line, or zero, gradually

increases in value to a maximum, and then gradually falls until it

again reaches zero; then changes direction, going through a like

rise and fall in the opposite phase. Each of the waves o A B or

B C D is called an alternation.

Alternating electromotiveforces may be symmetric or dissymmetric.

A symmetric electromotive force (Fig. 87) is one in which

the positive waves are the same as the negative waves, except that

they move in opposite directions.

A dissymmetric alternating electromotive force (Fig. 88) is
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one in which the positive wave differs from the negative, not merely

in its direction, but also in its outline.

Symmetric alternating waves of electromotive force are pro-

duced by alternating current dynamos, or alternators. Dissym-

Fig. 87.—Graphic Representation of a Symmetric Electromotive Force.

metric alternating electromotive force waves are produced by par-

ticular types of apparatus, such as faradic coils.

It is clear that an electromotive force is alternating if it changes

its direction and magnitude periodically, and that considerable varia-

Fig. 88.—Graphic Representation of a Dissymmetric Electromotive Force.

tion may exist in the manner in which both of these changes may
occur.

A wave of the form shown in figure 89 is called a sinusoidal
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wave, and an electromotive force alternating in this manner is called

a sinusoidal electromotive force.

The electromotive forces produced by friction are much higher

than those produced by voltaic cells or dynamo-electric machines.

The electromotive force produced by a properly operated friction

machine is of the pulsatory character. "When a pulsatory electro-

motive force attains a strength sufficient to discharge itself through

an air gap, it suddenly falls to a minimum. It then recovers and

again discharges', and this action is carried on in a pulsatory manner

at frequent intervals. Such as pulsatory electromotive force is

shown in figure 90.

Fig. 89.—Graphic Representation of a Sinusoidal Electromotive Force.

Currents of High Frequency.

Some consideration must be given to a manifestation of the

electric energy that has occupied the attention of students during the

last years, and whose introduction into electrotherapeutics has

greatly enlarged the scope of this branch of medicine. We refer to

currents of high frequency. As all electric sources produce electro-

motive forces, so do all electromotive forces under suitable condi-

tions produce currents or discharges. The character of the current

or discharge is dependent upon the character of the electromotive

force that produces it, so that no matter how a discharge may differ

in appearance from some other discharge, this difference is entirely

dependent upon the character

—

i.e., the frequency, the magnitude,

and the wave type—of its electromotive force.

When a ball prime conductor of a static machine is made to

discharge the electricity with which it has been charged, it does so

in a disruptive manner or as a spark. This seems to consist of a

number of separate discharges, to and fro, between the ball and the



CURRENTS OF HIGH FREQUENCY 103

object into which it discharges. The discharge is an oscillatory

one. When a condenser, as a ball prime conductor, charged to a

very high potential, is discharged into a conductor having a certain

self-induction and slight resistance, extremely rapid, isochronous

oscillations are produced, that constitute a high-frequency current.

The frequency of oscillations is often exceedingly high, reaching

at times hundreds of millions of cycles in a second (experiments of

Hertz) . The total number of oscillations in one discharge is, how-

ever, not very great. When we consider that the greatest number
of vibrations that can be appreciated in the production of sound is

36,000 in a second, we must admit that the term "high frequency,"

as applied to the electric oscillations, is well merited.
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Fig. 90.—Graphic Representation of a Pulsatory Electromotive Force.

The following mechanical effects will clearly explain the phenome-

non. If a vibrating straight spring be firmly fixed at one end, and

the free end be moved from its vertical position of equilibrium and

then again liberated, the spring will oscillate for a certain period of

time before it regains its former position of equilibrium, providing

that the surrounding medium is one of slight resistance, such as air,

alcohol, or water. If, on the other hand, this medium be a liquid

of very great density, as oil, there will be no oscillation, but an

aperiodic return to the vertical position.

Again, if in a U-tube partially filled with fluid a change of level

be pr uced by pressure upon one limb, and this pressure be sud-

denly removed, the fluid will at once move in both branches in order

to reestablish an equilibrium, and if the resistance to its rise and fall
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be slight, it will oscillate for a certain time before coming to rest

at the same level in the two limbs; if, on the other hand, there be

a marked resistance to this movement of fluid, the level will become

reestablished in an aperiodic manner (see Figs. 91 and 92).

In both of these examples we have slow cycles of visible move-

ment. In both we have a dissipation of energy, manifesting itself

in the form of heat, equal to the work necessary for the production

of the primary deflection from the position of rest.

In the currents of high frequency we have, as stated, rapid cycles,

with invisible movement and a dissipation of energy, in the form

of emitted radiations, whose existence can be proved by the aid of

a mobile conductor passed in the neighborhood of the circuit of

B —

Fig. 91. Fig. 92.

igs. 91 and 92.—Showing the Oscillations of a Liquid in the Limbs of a |J-Tube.

high frequency. As the frequency of oscillation of the spring will

depend upon the elasticity of the spring, upon the strength of fixa-

tion, and upon the resistance of the surrounding medium, so an

electric circuit in which a discharge suddenly takes place will follow

precisely parallel laws. The resistance of the medium corresponds

to the resistance of the electric circuit in ohms. The elasticity of

the spring corresponds to the electrostatic capacity of the circuit or

to its capacity as a condenser, and the fixation of the spring corre-

sponds to the inductance of the circuit.

Therefore when a discharge is effected into an electric circuit,

this discharge will be oscillatory or nonoscillatory, in accordance
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with the degree of resistance of the circuit as compared with its

capacity and inductance, and the oscillations will be more powerful

the higher the electromotive force employed to produce the waves.

Thus, the high electromotive force obtained from an influence

machine will give very powerful oscillations.

These various phenomena relative to the oscillatory nature of

disruptive discharges had long been observed, but it is only within

late years that they have been understood. As early as 1855 Sir

William Thompson advanced a theory as to their causation, but it

was not until 1881, that W. J. Morton of New York recognized the

value of the oscillatory current and described its use under the name
of "static induced currents." In recent years Bordier took up

Morton's method anew and applied to it the hybrid name of "Hert-

a b

Fig. 93.—Scheme of Hertz's Induction Coil for Producing High Frequency Oscillations.

zian-Franklinisation." But the better name would be the Bordier-

Morton current. Nevertheless, it was not until Hertz began his

series of remarkable experiments that the electric oscillations became

the object of great interest. Hertz showed that these oscillations

could be maintained by means of an induction coil, and that their

electric effects were propagated to a distance in the same manner as

light. One of the arrangements by which Hertz made his studies

is shown schematically in figure 93.

I is an induction coil; C and D are two balls 15 centimeters in

diameter, serving as condensers, and attached to two small balls,

A, B, acting as dischargers, by two cylindric rods, each 5 millimeters

in diameter and i}^ meters in length. The spark produced between

A and B was one of about 15 millimeters. On account of the
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smallness of condenser capacity and of conductors, the frequency

of oscillations obtained reached 100,000,000 in a second.

Tesla later made use of two procedures in order to produce the

high frequency currents. In the first method he made use of alter-

nators with very many poles, and by means of transformers raised

the potential to tens of thousands of volts; in a second method he

used a modified Hertz apparatus.

+

Sol 7

Fig. 94.—Diagram of How a High Frequency Current is Derived.

In 1890 Elihu Thompson greatly simplified the development of

oscillatory currents by introducing the use of condensers, and with

this as a basis d'Arsonval, in the year following, devised his method

for generating high frequency currents, which is practically the basis

for all our present apparatus. D'Arsonval derived his current from

an induction coil and connected its terminals with the inner lining of

two Leyden jars. The outer coverings of the jars were connected with

a coil of coarse copper wire that had about fifteen or twenty turns and

which is known as a solenoid. Attached also to the inner linings
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of the jars were two conductors which terminated in two balls suffi-

ciently near to each other to form a spark gap. When then the

Leyden jars became sufficiently charged to cause a spark to cross

the gap, a current of high potential, with oscillations of great fre-

quency was set up in the solenoid. By introducing a device for

rapidly interrupting the current in the primary coil of the trans-

former, a continuous high frequency current could be derived from

the solenoid.

In order, therefore, to produce a d'Arsonval or high frequency

current, we must have:

First.—A source of electric current.

Second.—An interrupter.

Third.—A transformer.

Fourth.—Two condensers.

Fifth.—A spark gap.

Sixth.—A solenoid.

The accompanying diagram will explain more clearly how the

high frequency current is derived (Fig. 94).

The interrupter I is placed in the circuit between the source of

electricity A and the primary coil P of the transformer. The trans-

formed current of high potential is drawn from the secondary coil

S and charges the two Leyden jars L and L 1
. These jars are dis-

charged through the solenoid (Sol) and the spark gap, SG.

The d'Arsonval or high frequency current can then be taken

from the two terminals T and T 1
. Such an apparatus is known as

the d'Arsonval oscillator (see apparatus).

Through further experimentation, it was found that if a second

electric circuit, similar to the one in which the d'Arsonval oscilla-

tions were produced, was approximated to the original circuit, then

a corresponding oscillatory current of high frequency was produced

in the second circuit. But in order to be acted upon in this manner,

the natural rate of vibration of the second circuit had to be the same

as the first. This phenomenon is called resonance, and can better

be understood by resorting to a comparison with sound. If a tuning

fork of a certain pitch be made to vibrate, and a second tuning

fork of the same pitch be brought close to it, the second tuning

fork will vibrate also giving forth a sound the same as the first.

If, however, the second fork be of a different pitch than the first,

which is vibrating, then there will be little or no vibration of the sec-
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ond fork. This same phenomenon is observed if the vibrating

tuning fork is held over an air column whose free vibrations are the

same as those of the tuning fork. Then the air in the column will

vibrate in unison with the fork, enhance the sound and prolong the

vibrations of the fork. If, however, the air column should be

changed so as to be out of unison with the fork, then the effect of the

fork will be lessened, the sound deadened and the fork will soon cease

to vibrate.

And this is just what happens with a second electric circuit which *

is in resonance with the one in which d'Arsonval oscillations are pro-

duced. When such a secondary circuit is brought close to, or attached

to a primary oscillatory circuit, then the oscillations are strength-

ened, intensified and prolonged. In order then to bring about such

an intensification and amplification of the high frequency current,

Fig. 95.—Diagram of Resonator.

a second solenoid of the same resonance was attached to the sole-

noid connecting the two Leyden jars. This is shown in the illus-

tration (Fig. 95), and such an additional solenoid is known as a

resonator. But in order to obtain the maximum effect from such a

resonator, its natural rate of vibration and inductance must always

correspond with those of the primary solenoid. If, therefore,

an attempt be made to draw current from the resonator by connect-

ing it with a conductor, its rate of vibration and inductance will

immediately be changed and its effect lost. In order to overcome

this, Oudin devised a method by which he could vary the loops of

the resonator, so as to keep it at all times in resonance with the

primary circuit. He furthermore terminated the solenoid of the

resonator with a ball conductor and from this he was able to draw

the modified high frequency current which is known by his name as

the Oudin current.
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It has been shown that in the vicinity of a charged body a certain

state of electrification exists in the surrounding ether (vide electric

field, page 16). When a discharge of this charged body takes

place there is a further disturbance in the electric state of the sur-

rounding ether and this disturbance is very similar to the phenome-

non produced by sound on the adjacent sound conductor. This

can be more readily understood by comparing it with the dropping

of a stone into a placid pool of water. Where the stone strikes the

C >

Fig. 96.—Diagram of Condenser.

water there is a sharp splash which is soon developed into a well-

marked circle which begins to enlarge and start other circles or rip-

ples, all of which gradually spread outward. The circles grow larger

and larger and gradually fainter and fainter until they appear to

merge themselves again into the placid surface from which they

sprang. But the conception one preserves is that of a central

splash surrounded by a series of well-defined concentric circles,

which ultimately lose themselves.

>
Fig. 97.—Diagram of Condenser Connected in Series.

And so it is with a disruptive discharge. The surrounding ether

is analogous to the placid pool and the discharge is represented by
the splashing stone. The margins of this pool of ether are infinity,

and the waves that are started by the discharge are many times more

intense and voluminous than those started by the splashing stone.

That such a condition existed was already foreseen by Faraday and

others who followed him, but as we have just seen, it remained for

Hertz properly to interpret these waves, which he described in 1888.

These waves are known by his name as the Hertzian waves.

By the result of experiments it was soon learned that the greater
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the potential of the body to be discharged, the greater and the more

intense was the action of the waves. And the vibrations were greater,

if the discharge was more nearly disruptive. So for this purpose

>-i

Fig. 98.—Diagram of Condenser Connected in Parallel.

Fig. 99.—Diagram Showing Condenser as Actually Set Up.

a condenser was used and it was charged by means of an induction

coil in which the wires of the secondary coil were extremely long,
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about a mile or two in length, and carefully insulated turn by turn

in the winding. Thus a current of high potential was secured

with which to charge the condensers, and the condensers were made

in a variety of ways to increase their capacity. The accompanying

diagrams show how such condensers were constructed and wired.

Larger condensers were formed by the addition of more plates, and

the insulation of the plates was rendered more complete by immersing

them in oil. In order to simplify them several small condensers

were combined, and by wiring them in tandem or in series, as the

diagram shows, a higher potential or amount of current could be

obtained as one would wish (Figs. 96, 97, 98, and 99).

Upon further investigation it was found that the waves were

produced, not at the point of discharge, but in the conductor through

which the discharge took place, and to enhance the effect a sole-

noid was placed in the circuit. Here it was found that when a

discharge took place a number of oscillations of great frequency

were produced, which were of greatest intensity at the time of

discharge and gradually died away.

Relation of Alternation to High Frequency; Computation of

Frequency.

According to Kowarschik oscillatory vibrations are alternating cur-

rents of high frequency. Sinusoidal currents are oscillatory, and differ

from high frequency only in degree. Alternating currents from central

sources seldom exceed one hundred oscillations per second, but these

may be increased remarkably in frequency ; it is only when they reach

one million per second that they can be termed high frequency. How
can there be any true relationship between one hundred and one mil-

lion? The greatest number of alternations produced has been sixty

(some say one hundred and twenty) thousand per second with little

prospect of going higher. This speed has been reached by the use of

rotating machines with relatively higher number of pole alternations.

By increasing the number of magnetic poles and constructing enor-

mous engines, one could in theory go as far as desired, but in practice

such velocity is destructive to iron construction. Had we no other

resources high frequency as we know it to-day, would be a mere dream.

Another principle must be sought and this has long ago been found

in the electric spark, as elsewhere mentioned. The latter lasts but

Koooo 0I a second, but it was long ago shown that it is not a con-
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tinuous but an interrupted band of light. Discharge through a

spark is a somewhat complicated phenomenon, for instead of a single

unidirectional discharge, there are in reality from fifteen to twenty

alternations or oscillations before the discharge is complete. By this

we refer naturally to the single discharge of a condenser, so that this

number does not transcend that of the highest alternating current

speed.

By using a spiral or coil between the condensers the phenome-

non of self induction is produced. Until recently the greatest number

of condenser discharges per second was one hundred, which at twenty

oscillations per discharge, amounted to two thousand. To obtain

the minimum of one million, which is necessary for high frequency

current, we have to make use of the duration of the spark, which is

Koooo of a second. Assuming fifty thousand sparks per oscillation

and multiplying by twenty oscillations per second we obtain the total

of a million oscillations per second. But such velocities can neither

affect the tissues of the body nor generate heat.
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PART II

APPARATUS REQUIRED FOR THE THERA-

PEUTIC AND DIAGNOSTIC USE

OF ELECTRICITY
ITS SELECTION, MODE OF APPLICATION AND CARE

PRELIMINARY

The electric apparatus used in medicine are, as may be deduced

from the preceding chapters, of four different kinds:

i . Instruments supplying static electricity
;

2. Instruments supplying dynamic electricity;

3. Instruments supplying induced electricity;

4. Instruments that change the character of the electromotive

force derived from one of the foregoing.

The number of apparatus employed for these varied purposes is

so great that it is impossible to describe them all. Such description,

moreover, is unnecessary, inasmuch as the principles governing the

construction of each class are the same throughout. These prin-

ciples have been sufficiently elucidated to enable us to select single

pieces of apparatus as examples of each class, and to make their de-

scriptions comparatively brief. We must also consider apparatus

rendering the physical effects of the electric current available

for treatment and diagnosis. Hereunder we include electrocautery,

electric light, and the Rontgen rays.
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CHAPTER I

FRICTIONAL ELECTRIC APPARATUS AND ITS USE

Influence Machine. Charge and Recharge. Care of the Machine.

Attachments. Insulator. Electrodes. Leyden Jars. Chains. Meth-

ods of Application. Indirect Spark. Direct Spark. Static Shock.

Sialic Insulation. Static Breeze. Static Induced Current. Morton-

Bordier Current. Determination of Polarity.

For the medical use of static electricity any good influence

machine, the type of which is represented by the Hollz machine,

will suffice; yet in order to obtain the best results from a machine,

attention must be paid to its construction, to the size and number

of its plates, to the method of driving it, and to its proper care.

In the best modern machines all the mechanical features of the

Holtz machine have been practically preserved. The revolving

and stationary plates have been increased in size and number,

to augment the quantity of electricity generated. This increase,

however, has its limit, and the prevalent opinion among the ex-

perienced is that, for practical purposes, the best effects may be

obtained from a machine having eight plates—four revolving and

four stationary—each of which has a diameter of from sixty to sev-

enty centimeters. The stationary plates need not be circular, but

may be made of two pieces, to allow of windows without necessi-

tating any cutting in the body of the glass.

To protect it against dust and atmospheric changes, the machine

should be incased; and, for the same reason, the seams and joints

of the case should be perfectly tight. A machine may be driven

by hand or by means of a suitable motor (hot air, water, or electric).

Hot-air engines for this purpose are expensive, troublesome, and

noisy. Water motors may satisfactorily be employed, provided

a sufficient water pressure be close at hand. The transmission of

such force from a distance, by means of long belting, is unsatis-

factory. When a proper electric source, such as a central lighting

station, is available, preference should be given to an electromotor.
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Fig. 100.—Holtz-Toeppler Machine.

—

(Hirschmann, Berlin.)
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The speed of such motors is best regulated by a properly con-

structed rheostat. Accumulators may be utilized for running the

motor, provided that they can be charged from a central station.

Batteries for this purpose are too troublesome and too expensive.

The machines made upon the Holtz-Toeppler principles that have

seemed to us to be the most efficient are the foreign machines (one

Fig. ioi.—Holtz-Toeppler Machine.

—

(Waite 6* Bartktt, New York.)

made by Hirschmann, of Berlin, is shown in figure ioo), and the

one that we have made use of for many years, made by Waite &
Bartlett, of New York, shown in figure ioi. It is almost unneces-

sary to say that other manufacturers make machines in every way
equal to those just mentioned, and we select these merely because

we are most familiar with them.
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A machine constructed upon entirely different principles and

presenting certain advantages is made by Glaeser, of Vienna. This

is a cylinder machine, and consists of two hollow drums of hard rubber,

one somewhat smaller than the other. The smaller drum is air-

tight, and is placed in the interior of the larger one. Both are made
to revolve about a common axle, but in opposite directions. The
machine is shown in figure 102 and requires no further explanation.

Fig. 102.—Glaeser's Cylinder Machine.

—

{Vienna.)

Its advantages consist in the durability and strength of material

of the electric exciters, their form, and their air-tight construction.

Hereby the machine may be made to functionate in all kinds of

weather and under any atmospheric conditions. It gives larger

quantities of electricity in comparison to the rotary force employed;

like an electrophorus, it retains its charge for a long time; and it

allows rotation in either direction without loss of charge.
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The disadvantages are that the machine, not being self-charging,

must be charged anew each time, and must, therefore, be made
easily accessible, and not be inclosed in a glass case.

It has been found that when a motor is used to drive the static

machine, a rheostat is not in itself adequate to regulate the speed of

the machine. The rheostat is able to regulate the speed of the motor

alone, but as the plates revolve, they gather momentum and are

soon racing at a speed dangerous to the whole apparatus. For

this reason a further speed regulator is necessary, and is furnished

in the form of a friction controller as is shown in figure 103.

Fig. 103.—Friction Speed Controller for Static Machine.

The friction speed controller has a large friction disc with a

grooved edge which receives the round belt from the motor. This

large disc transmits the power to a smaller leather-faced friction

wheel, set at right angles to it. This smaller wheel is keyed to a

shaft along which it moves laterally, causing it to revolve. Attached

to the end of the shaft is a pulley which carries the belt to the machine.

With such a device the plates of the static machine can never over-

speed the motor.

Loss of Charge and Recharging the Machine.

Loss of Charge.—The best machine may lose its charge, whether

through having its plates turned in the wrong direction, through the
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entrance of moisture into the case and its deposition upon the plates,

or through grounding both poles by leaving the chains hanging

from them to the floor.

The plates may have become loosened from the axle and, in

consequence, some may fail to revolve properly. The combs may
have become displaced so as to touch the glass or to bear an im-

proper relation to the paper collectors.

The majority of American machines of the Holtz type made for

therapeutic purposes are now supplied with a small Wimshurst, for

the purpose of exciting action in the Holtz when it loses its charge;

and the latest machines of this kind have a small Wimshurst included

in the case, and so arranged that its plates can be made to revolve

at will, when the large machine is in action, and a charge be trans-

ferred to the plates of the latter. If the machine be not so supplied,

it must be furnished with catskin rubbers, which bear upon the outer

revolving plates, above the metal combs, and can mechanically be

stretched over the face of the plate. To charge a machine by such

catskin chargers both the machine and the chargers should be

thoroughly dried. This may be done by exposure to the sun or

by placing fresh calcium chlorid within the case, or by lighting a

fire in the room, or, under exceptional circumstances, by all three

methods combined. After the plates are thoroughly dry, one starts

them by turning the driving wheel from left to right (facing the

machine). The chargers are applied lightly near the edge of the

revolving plates for a second or two, and then swept across their

faces every now and then until the machine starts. The poles should

be approximated to within two centimeters, and no chains should

be on the poles. If, notwithstanding this, the machine fails to

work, a piece of catskin is warmed over a gas-jet, the machine is

set in motion, and the warm catskin applied as a rubber to the outer

plate as close as possible above the metal combs.

Care of the Machine.—To be able to obtain the best effects

from any machine, it should receive a certain amount of care. It

should be kept in a well-lighted, dry room. The accumulation of

moisture and dust upon the poles or electrodes is one of the most

serious obstacles to the successful working of a machine; hence

all its metallic parts should be rubbed each morning with silk or

chamois skin. All bearings and the axle should be kept well oiled,

and the belt of the machine should be tightened occasionally.
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It is well also to have fresh calcium chlorid in the case constantly,

so as to keep the air of the interior dry. In winter this is not

always necessary, but in summer it is absolutely essential. The

calcium chlorid is best distributed among several dishes, each of

which may hold 500 grams or more. So soon as water accumulates

Fig. 104.—Electrodes and Accessories for Static Machine.

—

(Waile &* Bartlett, New York.)

on the calcium it should be poured off, or the salt may be rebaked in

a slow oven, the heat of which must not be great enough to boil it.

Attachments for the Machine.—The attachments for the

machine consist of:

1. An insulated platform or some other means of insulating

the patient. Insulated platforms are cumbrous, and take up con-
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siderable room. If employed, it will be found convenient to have

them so arranged that they can be pushed under the machine when

not in use. Much handier is a rubber or glass plate upon which

any chair may be placed.

2. A set of electrodes consisting of a large and a small brass ball,

a metal point, a wooden point, a metal roller, an umbrella elec-

trode, a pistol electrode, sponge-covered electrodes, and a ring to

hold the chain away from the patient. These electrodes, and chain-

holder, as furnished by Waite & Bartlett, are shown in figure 104.

3. A set of brass chains of varying lengths; hooks for the at-

tachment of the chains ; Leyden jars of different sizes, and a brass

rod for connecting the outer coverings of the Leyden jars when

they are in use.

Methods of Application of Static Electricity.

The methods of applying the static current are the following:

1. By the indirect spark.

2. By the direct spark.

3. By the Leyden jar spark or static shock.

4. By static insulation.

5. By the static breeze.

6. By the static induced current.

The indirect spark is applied by placing the patient first upon

the insulated platform (Fig. 105) ; he is then connected with the

machine by means of a chain which is hooked over one of the poles,

either positive or negative ; the other end being attached to the chair

upon which the patient sits. A chain is then attached to the other

pole of the machine and is grounded. Grounding is best done by

attaching the free end of the chain to a gas fixture or water-pipe;

when this is not possible, it may be dropped upon the bare floor.

The poles of the machine are now widely separated, and the

wheels put into rapid motion. It will be noticed at once that the

hair of the subject rises up, and if the room be dark, a purplish light

will be observed to escape from his body. This condition is called

static insulation, and the patient may thus be charged from the

positive or negative pole, according to the connection. Finally,

the part of the body to be especially acted upon is approached by a

brass ball electrode. This electrode is attached to a gas- or water-

pipe by means of a brass chain. The brass chain must be passed

through a ring attached to an insulating handle, so that it may be
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kept away from the patient's body. When the ball comes to within

a certain distance from the patient, a discharge of accumulated

electricity occurs in the form of a spark; this is known as the

indirect spark, because the electricity takes an indirect course

(through the earth) to form a circuit.

The length of the spark is directly proportional to the generat-

ing power of the machine. The volume of the spark is modified

E7 L>
Fig. 105.—Method of Applying the Indirect Spark.

by the size of the brass ball and of the electrode. A large ball

will produce a heavier spark than will a small one. By using

a wooden ball instead of a brass one numerous very line sparks

are simultaneously obtained.

The removal of the clothing is unnecessary. The patient may
stand upon the platform if this be preferable to sitting.
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The Direct Spark.—Here the patient is attached in the same

manner to one pole of the machine, while the electrode is directly

attached to the other pole by means' of a chain. The ring and the

ball electrode are employed, as in the former method. The length

of the spark to be administered is regulated by the extent of sepa-

ration of the poles of the machine and the speed of revolution of

the plates. The further apart the poles, and the more rapid the

Fig. 106.—Method of Applying the Direct Spark.

revolution of the plates, the longer and the more severe is the

spark (see Fig. 106).

Leyden Jar Spark (Fig. 107).—In this method a pair of Leyden

jars are first attached to the poles; their outer coverings of tin

foil are then connected by means of a brass rod. The poles are

then brought into close approximation, and the electrode and the

chain leading to the patient are arranged as in the preceding method.

The strength of the shock is proportional to the separation of the

poles and the size of the jars. It is, therefore, advisable in using
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this method to approximate the poles as closely as possible, with-

out actual contact, and to use the smallest of jars. An increase

of strength can be obtained by separating the poles and putting on

larger jars. In this method the application is best made to the bare

skin. Its action is very severe, and it should be used with extreme

caution.

Localization.—In the preceding forms of application it is some-

times difficult to localize the spark to special parts of the body by

means of the ordinary ball electrode, for the reason that the current

Fig. 107.—Method of Applying the Leyden Jar Spark.

causing the sparks always seeks the line of least resistance. In order

to localize the spark more precisely a directing electrode, as Morton's

spark electrode (Fig. 108), will be found of service.

A friction spark or static massage may also be conveniently

applied, according to any of the methods just described, by means

of the roller electrode shown in figure 109. Such an electrode,

however, is not essential, as a large ball electrode will answer the

same purpose.

Static insulation has already been described in speaking of the

indirect spark (Fig. 105). The patient simply is charged from
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either pole for a variable length of time. One pole is attached to

the insulated platform upon which the patient stands or sits; the

other pole is grounded by a chain running to the floor or to gas-

or water-pipes. The poles of the machine are separated as widely

as possible before the wheels are set in action.

=3-

Fig. 108.—Morton's Spark Electrode.

The Static Breeze.—This method consists in the withdrawal

of the static charge from a patient, by means of an electrode that

is made up of one or more points. The breeze may be applied

directly or indirectly. If indirectly, the breeze electrode is grounded,

as described in the method of the indirect spark; if directly, one

pole of the machine is connected with the insulated platform, the

other with the electrode.

When it is desirable to apply this breeze to the head, a metal

cap studded with points is hung over the head of the patient and is

grounded. It should not touch the patient's head or hair. Such

an electrode is shown attached to the machine in figure ior (p. 118).

When it is desired to concentrate the breeze upon any special part

of the body and to make an application of some duration, the con-

Fig. 109.—Roller Electrode.

centrator and stand shown in figure no will be found serviceable.

When used, one pole of the static machine must be connected by

means of a chain to the metal at D, the other pole, by means

of a chain also, to the platform or patient. The point of the

concentrator must be brought near enough to the patient for the

current to bear on the part to be treated.

The static induced current, so called, and elaborated by W. J.

Morton, of New York, in nature resembles somewhat the current

derived from the fine wire coil of a medical induction coil, as it is

an alternating and interrupted current, but its potential is very much
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greater than that of any medical induction coil; it is in reality an

oscillating current of high frequency, as has already been shown.

To produce this modification of current we first hang a pair of

Leyden jars upon the arms of the machine. Chains, or better still,

insulated wires, should then be attached to the outer coverings of

the jars (see Fig. m), and to the other end of each of these wires is

attached an electrode for use upon

the body of the patient. These

electrodes are best covered with

sponge and should have long in-

sulated handles.

The poles of the machine

should be brought into contact

before the plates are made to re-

volve. This is very important,

because the current becomes much
intensified by a separation of the

poles. No insulation of the pa-

tient is necessary in this method.

The strength of the current is de-

termined by the size of the Leyden

jars and by extent of separation

of the poles. It can, therefore,

be varied at will.

Care, however, must be taken

never to have a large spark gap.

The larger the spark gap, then

the more painful is the applica-

tion. As a general rule the spark

gap should not exceed one and a

half or at most two centimeters.

Within recent years the original Morton static circuit has been

improved by substituting large plates for Leyden jars and placing

the patient in the center of the field.

The control of the current is also now modified. The old method

of control was by using different sized Leyden jars and varying

the distance of the separation of the two poles. This method was

cumbersome, so that now a special current controller has been in-

troduced and is found practicable.

Fig. i io.—Concentrator and Stand.
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Morton, by means of a special electrode, avoids the inconven-

ience entailed by constantly separating and approximating the poles

of the machine. The spark is thus not abolished entirely, but is

^rO

Fig. hi.—Method of Producing the Static Induced Current.

arranged to occur at a distance from the patient, and, of course,

forms part of the circuit in which he is included. This electrode is

shown in figure 112; the spark occurs between the two balls, which

may be separated or approximated by means of a trigger. The

Fig. 112.—Morton's Pistol Electrode.

applications of this handle are manifest, and when connected with

a suitable electrode, the spark may be applied, if so desired, to

any accessible body-cavity.
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Morton-Bordier Current.

As has been previously stated, H. Bordier has made a modi-

fication in Morton's method of procedure. Instead of connecting

the two outer armatures of the Leyden jar with a bar, he connects

them with a small solenoid. The further methods of use are practi-

cally the same as those already described. By the introduction

of the solenoid the apparatus practically delivers a pure high fre-

quency current. The only difference lies in the fact that the current

of high potential is here derived from a static machine instead of

a transformer, and the solenoid is a small one. Bordier calls this

form of application "Franklinisation-Hertzienne."

Characteristics of the Frariklinic Current.

The electricity yielded by static machines is of very high elec-

tromotiveforce. The number of volts can be estimated approximately

according to the length of the spark. The following table shows

the figures of Mascart for recognition of the voltage of current

according to the length of the spark

:

Voltage of Franklinic Current

Length of Tension in Length of Tension of
Spark, Cm. Volts Spark, Cm. Volts

O.I 5)49° 6.0 101,400

0.5 26,730 7.0 107,700

I.0 48,600 8.0 112,500

1.5 S7,ooo 9.0 115,800

2.0 64,800 10. o 119,100

3.0 76,800 12.0...' 124,200

4.0 77,300 i5-o 127,800

5.0 94,800

The amperage of the current, however, is exceedingly small,

and the chemical effect, for all practial purposes, is nil.

Polarity.

It is sometimes desirable, when using a static machine, to know

which prime conductor is at a positive, and which at a negative,

potential. The poles of the machine may be best differentiated

by observing a machine while in action in the dark, with the external

poles connected. The positive side can then be recognized by the

fact that the tip of the collecting comb show points of light, while

upon the negative side the light appears in a brush-like form.

In the light, the poles may be differentiated by the form and

color of the spark that passes between the external conductors
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of the machine. If, thus, the balls of the conductors be separated

to within two centimeters of each other, the spark stream that

passes between them shows a distinct violet portion, which begins

at the ball by a bright point; this violet part of the stream indicates

the negative pole, while the positive pole is characterized by a bright

area of white light lying near it. If a burning candle be placed

between the poles of a machine in action, the flame will be diverted

toward the positive pole.

Since machines that have been in use for some time do not

always charge themselves in the same direction, it is necessary to

determine the polarity by one of the foregoing methods.



CHAPTER II

GALVANIC APPARATUS AND ITS USE

Source. Batteries. Dynamos. Regulators. Selectors. Rheostats.

Voll Controllers. Arrangement of Resistance in Circuit. Reversers.

Interrupters. Combiners. Measurement. Milliamperemeters. Volt-

meters. Electrodes. Cords.

Galvanic Apparatus.

For the application of galvanic or dynamic electricity in its vari-

ous modifications for medical purposes we require, first, a proper

source of electricity—batteries or dynamos; secondly, some arrange-

ment by which the electromotive force and amperage of the current

can be regulated or modified ; and in addition to these a means of

reversing the poles, a means of measuring both the electromotive

force and the current strength, and a means for leading the current

to the body of the patient.

As many of these appurtenances are essential for the application

of all forms of current, no matter what their source—constant, mag-

neto- or volta induced, sinusoidal, and high frequency—it will be

more convenient, in order to avoid repetition, to begin by describ-

ing the accessory apparatus, and then to give a description of the

medical apparatus itself, as employed for the generation or appli-

cation of the different currents.

Means by which the Current may be Regulated.

Cell Selectors.—Rheostats.— Volt Controllers.—The most im-

portant factor in the use of dynamic electricity, regardless of the

source from which it is derived or of the manner in which the char-

acter of its electromotive force may be modified for special pur-

poses, is its control.

We know that the strength of a current—its amperage—may be

increased or decreased by an increase or decrease of electromotive

force, or by decreasing or increasing the resistance through which the

current flows. This increase or decrease of the current practically

means its control.

132
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As the resistance of the external circuit (human body) is in all

electrodiagnostic and electrotherapeutic applications very large, it

is necessary, when cells constitute the source of current supply,

so to arrange these cells that the pressure of the current may easily

overcome the large external resistance. In order to obtain such a

pressure a large number of cells connected in series must be employed.

According to Ohm's law, the pressure of a current, when we are deal-

ing with a large external resistance, is almost directly proportional

to the number of cells employed. It is, therefore, necessary that

every battery that is to be used for electromedical purposes should

have some arrangement by which the pressure (e.m.f.) and the cur-

rent strength may be regulated. This may be accomplished by the

use of a cell selector.

Cell selectors possess the advantage of regulating the pressure,

and with this also the current strength, but they present such

serious disadvantages that they have been to a great extent displaced

by other apparatus. Yet so many portable batteries made by

various manufacturers are supplied with this means of current

regulation alone that a description of their essential features be-

comes necessary.

A good selector must possess certain prime qualities: (i) It must

admit of an increase or a decrease of electromotive force, through the

introduction of one cell at a time; (2) it must permit of such increase

or decrease without producing any interruption in the flow of the

current.

All selectors are constructed upon one of three principles: the

crank, the rider, or the plug system.

The best crank selector is the one described by R. Remak. It

consists of a plate of hard rubber, upon which are arranged, in a

circle or semicircle, the metallic buttons through which the con-

nection is made. A metal crank pivoting at the center of the circle

can be brought into contact with each of the buttons successively,

thus allowing the current from a greater or smaller number of cells

to flow accordingly through the button upon which it rests. The

contact buttons, which are insulated from* one another, must still

be so close to one another that the crank touches a button while

it is covering the next following one. By an arrangement in the

form of two semicircles—the first of which selects one cell at a

time, from 1 to 10, and the second selects five cells at a time, from
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5 to 50—any desired number of cells from 1 to 60 may be intro-

duced singly; yet only twenty contact buttons are used.

The plug selector, or Brenner's selector, is so constructed that,

instead of buttons and a crank being made use of, brass plates and

plugs are employed. Each' metallic plate has a semicircular piece

cut out of each end, so that when the ends of two different plates

are approximated, but not in contact, a circle is formed into which

the metallic plug fits tightly. When a plug is introduced at a certain

hole, all the cells up to the number indicated by that hole are thrown

into the circuit. The withdrawal of the plug at once breaks the cur-

rent, and thus a sudden break and make of the current from any

desired number of cells may be effected. This supposed advantage

is much better attained by other means (commutator).

In order to avoid such breaks of the current in the ordinary use

of this selector it is necessary to employ two plugs, one of which,

for example, is put into hole 1 and the second into hole 2 ; then

plug 1 is withdrawn and placed in hole 3 ; thus, by taking one plug

out and putting it into the hole immediately beyond the other plug,

the entire battery may be introduced cell by cell.

This cell selector is so made by some manufacturers that, instead

of metal plates with holes for the plugs to fit into, metal plugs over

which a split metal sheath fits tightly are employed. Two such

sheaths are attached to a bifurcated conducting cord, and they are

placed over the plugs in the same manner as described for placing the

plugs in the holes.

The disavantages of both of these forms of selectors are so great

that it is to be hoped they will soon cease to be part of instruments

of American manufacture, as they have long since ceased to be found

on European apparatus.

The rider form of selector may fairly be represented by that of

Stoehrer. It consists of a rectangular strip placed horizontally upon

a base; along both edges of the former are fastened, at regular inter-

vals, plates of brass that are connected with the cells of the battery.

A metallic rider is placed over the median portion, and is movable

between the two rows of plates, and forms a metallic contact be-

tween them. If the rider is placed at o, no current passes; if at

the point 2, two cells are brought into action; thus the further the

rider is removed fromo, the more cells are introduced (see Fig. 1L3).

For many years a number of physicians have made use of a
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selector that Dr. Rudisch and the author described in 1884, and that

has given great satisfaction to all who have employed it. This selec-

tor is one that, although a combination of all three systems, is best

understood by describing it as. of the rider variety. It consists of

a strip of hard rubber that is perforated by as many metal plugs as

there are cells in the battery; each plug ends in a metal head, and

is connected below to its corresponding cell. Two strips of metal

run along the sides of the rubber strip from end to end (Fig 114,

mi, mi). The entire base is surmounted by two riders that are

freely movable in either direction, Ri, R2. These riders consist of

a hard-rubber body that serves as a handle, to the bottom of which

is attached, by means of a strong spring, a metallic plate half as large

as the head of a plug (Fig. 115, p, p). The whole rider is kept in

Fig. 113.—Rider Cell Selector.

place by two side-pieces, best described as clamps (Fig. 115, e, c, e, c),

and that are in close connection with the metallic strips mi and W2,

figure 1 14; it is lined by a thin plate of metal, so that a direct metallic

connection is formed between the rider and the metallic strips.

This metal lining is not continuous, but is broken at the upper clamp

of the one rider, and the lower clamp of the other (Fig. 115, Br 1,

Br 2). The selector is connected and operated as follows:

The metallic strips are connected one with each binding post

or electrode. The zinc of each cell is connected seriatim with the

corresponding plug of the selector. It will thus be seen that, the

cells being connected among themselves in series, all the cells that

lie between the plugs upon which the riders rest will be in the circuit,

while those lying exteriorly to the riders are not in circuit. For

example, let the rider Ri he placed upon button 2 and the rider

R2 upon button 9. The current will pass from the second cell to the

second plug, then into the first rider, Ri, placed upon this plug;
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then, because the connection above is broken, it passes to the lower

metallic strip, and thence through the connecting wire to the bind-

ing post (Pi, Fig. 114). Thence the current passes through the body

connecting the two posts, to the second binding post, P2, through

the wire to the upper metallic strip, along this to rider 2? 2, and

fl

l!

\

000000 o
RJ R2

p> BODY P*

Fig. 114.—Combined Cell Selector.

thence into plug 9, upon which the latter rests, thus completing the

circuit. The advantages of this selector, which may be variously

modified, are that: (1) There is always a, firm connection between

the rider and the plugs. (2) The cells can be introduced into the

Bl R2.

B̂rl,/ mi Br 2

Fig. 115.—Riders of Combined Cell Selector.

current singly. (3) The first cells of the battery do not become worn

before the others. Whatever may be the position of the riders,

the only cells comprised in the circuit are those situated between the

riders, and all cells situated in front of the one and behind the other

rider form an isolated series. (4) By means of this selector any
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disorder offunction in the circuit of any cell may be surely and quickly

located; thus, if the riders are approximated so that each one covers

the plug connected with the adjoining cells, and they are then moved
together along the selector base, each cell is taken singly, and any

disorder will at once be indicated by a galvanometer placed in the

circuit.

A similar contrivance, shown in figure 116, has for many years

been made use of by Gaiffe, of Paris. A circular form may also be

given to this selector.

Fig. 116.—Gaiffe's Cell Selector.

Regulation by Rheostat.—Instead of increasing or diminishing

the current strength by increasing or decreasing the voltage, as is

done when a selector is employed, the current strength may be

regulated more practicably through the introduction of a variable

resistance, a rheostat, into the circuit. We then make use of the

entire electromotive force of the source at our command, or of a

suitable part of it, and reduce the amperage by increasing the

resistance in the circuit.

The method of making use of the entire available current and

regulating its strength by means of a rheostat has one very grave prac-

tical objection, and that is that the intensity (pressure) of the entire

source accompanies even the smallest amount of current strength ap-

plied, and thus materially increases' the pain of the application.

This objection, however, can readily be obviated, for there can

no longer be any doubt that the increase of pain with an increase of

the current is dependent upon the manner in which the resistance

is placed in the circuit. There certainly is a difference between

applying, say, ten milliamperes of current at a pressure of seventy-

five volts, through a resistance placed in series with the patient,

and applying the same number of milliamperes with the resistance
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so placed that the pressure is reduced to a degree just sufficient

to overcome the resistance of that part of the body which is being

treated. The accompanying sketch illustrates the manner in which

this regulating resistance should be employed (see Fig. 117).

The regulation is here effected by means of the shunt principle,

explained on page 55, and which, practically applied, is shown in

figure 117. B is a battery from which the current flows from +
to R (resistance) ; a certain portion of this current is forced through

this resistance and passes to — , thus completing the circuit.

This portion of current is wasted, and therefore it is well to make
the resistance as large as is practicable in proportion to the pressure

in the main, thereby minimizing the loss of current. If, for instance,

» 30 X a. m n to m m > m
-M. I , I, 1 , 1 .1 ,1

Fig. 117.—Showing Regulation of Current by Resistance in Shunt.

our battery represents an electromotive force of 40 volts, and we
introduce into the main circuit a resistance of 10,000 ohms, the current

r 11 1 • . s~, E.fK.f. 4O
forced through this resistance will be C = —sr- = -

> orR 10,000

0.004 ampere, which amount represents the actual loss of current.

By a shunt we now derive our therapeutic current: one conductor

is attached at a point C, and the other to a bar, which carries a

slide contact C 2
, electrically connected to this bar.

As the flow of current through a shunt is directly proportional

to the resistance in the main, no current will be obtained at T+
and T— when the slide contact C 2

is nearest to C—that is, if there

be no resistance to speak of between C 2 and C; as soon, however,
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as we slide C 2 away from C, and thus introduce resistance, a current

will be obtained at T+ T— whose intensity will increase until all

the resistance has been interpolated between C and C 2
.

The comparatively feeble currents employed in therapeutics

admit of the use of wire, carbon, or water as such resistance material.

Wire rheostats are frequently used, and are the only suitable ones

for measuring purposes, as they are the most accurate and least

subject to change. The principle of their construction has already

been described (see Measurement of Resistance), and the metal

rheostats employed in medicine are all more or less modified resist-

ance coils or boxes.

Whenever, as is the case in all therapeutic work and in nearly

all diagnostic work, direct measurement of the interposed resistance

is not required, a single wire coil may be employed. The resistance

of this coil must then be so great that when the entire coil is in cir-

Fig. 118.—Graphite Pencil Rheostat.

cuit practically no current can pass. Such a single wire coil may
also be replaced by a column of some other material that is of much
higher resistance than metal wire and is much less expensive. Such

materials are graphite and liquids.

Graphite Rheostats.—Convenient and inexpensive rheostats

furnishing a high resistance and admitting of gradual and extensive

variations of the current may be made of graphite. The simplest

practical form of such rheostat is that shown in figure 106, which

was constructed by Dr. J. Rudisch, of New York, and which the

author demonstrated to the American Neurological Association in

1 88 1. This instrument consists of a plate of ground glass, G (Fig.

118), upon which glides a thick graphite pencil, P; as the pencil is

moved to and fro over the glass, graphite is rubbed into the glass
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and a path furnished for the current to flow. The current enters

the instrument at the binding post A, flows from there to the graphite

mark on the glass, along this mark to the pencil, up through the

pencil along the metallic connection R to the binding post B. It

will be apparent that the less graphite there is upon the glass, the

greater will be the resistance; that, therefore, the resistance may be

varied at will by rubbing more graphite on

the glass, and by increasing or decreasing

the distance between the point of en-

trance of the current and the graphite

pencil.

This rheostat has been modified by

giving it a circular form and by using a

metal spring instead of a pencil for con-

tact with the graphite, which then must

be supplied from some other source (Fig. 119).

Pulverized carbonaceous material is sometimes substituted for

graphite, alone or in combination with some fixing substance, and

pressed into a groove in an insulating plate. Such a rheostat is

shown in figure 120. Here a revolving handle makes direct contact

with a carbon column in the groove beneath. The length of the

Pig. 119. —Modified Graphite
Rheostat.

Fig. 120.—Modified Graphite Rheostat.

carbon column inserted between the terminals can be varied by
turning the handle. The resistance is proportional to the length of

the carbon column included between the handle and the starting-

point.

Another form of carbon rheostat, one that we have used for years

and found very satisfactory when employed with the battery current,
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is the Vetter rheostat. The fundamental principle upon which

the action of this instrument depends is the effect of variation

in resistance that takes place in a quantity of carbon subjected

Fig. i2i.—Vetter Rheostat.

to a change in pressure. Figure 121 shows the instrument com-

plete, and figure 122 illustrates its working parts. In this instrument

POST NY.

Fig. 122.—Working Parts of Vetter Rheostat.

a quantity of finely powdered carbon is contained in a small rubber

cylinder placed between two metal plates, the opposing ends of a

circuit. The lower plate is affixed to the base of the instrument, and
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the other, traveling on upright guides, can be depressed, by means

of a screw, so as to compress the carbon in the rubber cylinder.

In its ordinary position—that is, when the rubber cylinder is not

compressed—the contained carbon is held by the rubber tightly

against the poles, and in this elongated position offers the greatest

degree of resistance to the current.

As the knob B is turned "on" it forces the upper pole down
against the carbon, which, for lack of space, bulges the rubber

cylinder out at the sides, thus diminishing the quantity of carbon

and the distance between the poles

until, if required, "hard contact" is

made. The reverse order of events

takes place when the knob is turned

"off," the flexible quality of the

rubber causing it gradually to re-

sume its former shape, and, by forc-

ing the carbon back, to keep it in

good contact with the poles. The
mechanical construction, which in-

volves the principle of the letter-

press, is almost perfect, and, elec-

trically considered, it offers great

advantages.

Fluid Rheostat.—Another form

of rheostat much used in medicine

is the fluid rheostat. The principle

of such an instrument is that a

column of water shall be so contained in a vessel that, by means

of a pair of separate metal electrodes, a greater or smaller part of

the column of water may be interposed between the terminals;

then the further apart the terminals of these electrodes may be, the

greater will be the column of water between them, and the greater

the resistance opposed to the flow of current. The scope of such an

instrument will depend upon the length of the column of fluid, the

diameter of the electrodes, and the conductivity of the fluid. An
excellent instrument of this kind is made by Hirschmann, of Berlin,

and is shown in figure 123.

The chief objection to the use of such instruments, however, is

that the polarization that necessarily takes place in them produces

Fig. 123.—Fluid Rheostat.
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a constant change in their resistivity. The use a depolarizing

fluid is impracticable; as any fluid of sufficient depolarizing power

would be so good a conductor of electricity that the rheostat con-

taining such would be unserviceable.

In the form shown in figure 124 these difficulties are practically

overcome. The electrodes and connections exposed to the fluid

are made of carbon and tin and will not oxidize, and the water can

easily be changed from time to time. We consider this the best form

of water rheostat.

Fig. 124.—Improved Fluid Rheostat.

The Choice and Use of Selectors and Rheostats.

If selectors are to be used at all, they should, in our opinion, be

employed only for the regulation of the voltage of a battery current,

or for purely scientific purposes. In the former case the number
of volts that we desire to work with should be selected by means
of the cell selector, and the current given by this voltage regulated

by means of a rheostat. It is, therefore, better to have a small

selector—one that selects the cells in series of five or even ten—and

then to regulate the strength of this current by means of a rheostat.

By this means all the advantages of volt controlling may be obtained,

while the disadvantages caused by complicated wiring, and therefore

by more frequent disorder, are obviated.

For purely scientific purposes a selector that selects the cells

singly and seriatim is desirable. Of the choice of the rheostat, it

may be said that metal rheostats are more accurate. They are the

best for scientific purposes and measurement, and when expense

is no objection, they should always be employed. •

Tn view of the fact that the selector is of use only with battery
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currents, it is desirable to have some other device for the reduction

of pressure, together with a satisfactory rheostat. This combination

of volt controller and rheostat is undoubtedly the most scientific,

and practically the most satisfactory, method of regulating a current

for diagnostic or therapeutic purposes (see Fig. 125).

The mode of regulation of the current by means of a change

of voltage or of pressure is apparent when we recall that if in a

circuit the resistance remain constant, the current will vary directly

with electromotive force. For instance, if the resistance of a wire

be two ohms and the electromotive force at its terminal two volts,

one ampere of current will flow. If the voltage be doubled (four

volts), the current also will be doubled. Now, if the current pass-

Fig. 125.

ing through the conductor remain constant, we see'from the formula

e.m.f. = C X R that the electromotive force between any two points

in the conductor will be directly proportional to the resistance of the

conductor between these two points.

Let us return to our assumed battery of forty volts pressure,

with a resistance of 10,000 ohms in the main circuit, and let us assume,

furthermore, that the resistance is made up of the cylindric body,

the total or highest resistance of which lies between its terminals

E and o (Fig. 126) and that this resistance is evenly distributed

along the surface of the cylinder.

Then a voltmeter whose terminals are brought into contact with

the surface of said cylinder will indicate an intensity of current that
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is in direct proportion to the length of the part of the cylinder that

lies between these terminals. Thus, if one-fourth of the entire

cylinder be connected between the terminals of the voltmeter, the

meter will indicate one-fourth of the initial voltage. If, now, a

scale be affixed to the resistance coil—a scale that has been properly

graded so that each division corresponds to one volt—then the

voltage may be read directly from this scale without the use of the

voltmeter. But inasmuch as we are also introducing resistance

directly into the circuit, not only the voltage, but also the current

itself, will thereby be reduced. Herein we have, therefore, a reli-

able method for simultaneously reducing the voltage and the amperage

of a current. Such volt controllers are made by the Wappler Elec-

tric Company, of New York, and we have used them exclusively

Fig. 126.—Showing Method of Regulation of Current by Placing Resistance in Circuit.

for many years without discovering a single defect in the principle

or in their construction.

The mechanical arrangement of such controlling apparatus for

the battery current can easily be deduced from the foregoing re-

marks; in describing the controllers for the electric-light current,

it will become necessary to refer to them again.

A properly constructed water rheostat also prevents many ad-

vantages, and when used in combination with the cell selector or

volt controller and a battery current, leaves nothing to be desired

for therapeutic or diagnostic purposes. Especially can a current

that is to be applied with great care and delicacy, as for instance

to the head, be efficiently regulated thereby.

The carbon rheostats also are serviceable, so far as our experi-

ence goes, only when used with a battery current, and then, of course

10
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not for scientific work. In the use of the street current they are

decidedly unsatisfactory, and are so because their resistivity is

greatly altered by the heat produced by this current, so that after

a time they fail to accomplish the purpose for which they were

designed.

Rheostats may be connected in two different ways: first, in

tlie main, or, secondly, a branch {shunt), circuit.

The manner of connecting the rheostat in the main circuit is

shown in figure 127. Here, of course, the more resistance, R, that is

interposed—that is, the more rheostat there is in the current

—

the

less current will flow through the body, B.

If the rheostat be placed in the branch circuit—i.e., shunted,

as in figure 128—it will be clear, according to the principles already

Fig. 127.—Showing a Rheostat Placed in Circuit.

explained, that two paths are open to the current: the one through

the main circuit, in which the body is placed, the other through the

branch circuit. The current always takes the path of least resistance,

and as the human body possesses high resistance, the current, when

the circuit is closed, will flow through the shunt, and little or no

current through the body. If, now, a rheostat, R, that possesses

a higher resistance than the human body be introduced into the

shunt, the current will flow through the circuit of least resistance

—

that is, through the body, B. It is, therefore, evident that the more

resistance that is introduced in the shunt, the more current will flow

through the body.

For the regulation of battery currents the rheostat should always

be placed in the main circuit. Such rheostats must have a resist-
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ance of not less than 40,000 ohms, and one whose resistance can be

raised to 50,000 or even 100,000 ohms is preferable.

The reason why a shunted rheostat should not be employed in

connection with a battery current is because a battery, to give good

service, should have all connections arranged in as simple a manner

as possible and because the cells are unnecessarily used when a shunt

is employed. The latter point is shown by the following:

If, for instance, with a current of 15 Leclanche cells 2 milliamperes

of current pass through the body, the shunt rheostat would require

a resistance of 85 ohms, in which case 250 milliamperes would

flow through the shunt, so that the battery, instead of furnish-

ing 2 milliamperes, would have to furnish 252 milliamperes, of

Fig. 128.—Showing a Rheostat Placed in Shunt.

which only 2 are utilized,

this loss:

The following table clearly illustrates

3 ma. through body require 300 ohms shunt R = 100 ma. through shunt.

4 " " " " 325 " " " = 60 " "

5
" " " " 7qo

" " " = 30 " " "

6
" " " " 1400 " " " = 15 " " "

It will be seen that this loss of current diminishes with the increase

of current to be utilized. When, therefore, we desire to employ

large currents, or when the internal resistance of a battery is high,

this objection loses much of its force.

When we have an unlimited supply of current, as in currents

from central stations, the arrangement of the rheostat in the shunt

is the most practical, as such rheostats require a maximum resist-
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ance of not more than from 3000 to 5000 ohms, and thus become
simpler and cheaper.

The method of using the rheostat is as follows: Beginning

with the rheostat at zero, one selects, by means of the cell selector

Ficr. 129.—Wire Rheostat or Galvanic Controller.

or volt controller, so much electromotive force as is desired for the

individual case. He then gradually moves the resistance regulator

Fig. 129 A.

introducing resistance as slowly and regularly as possible, until the

galvanometer needle indicates the figure representing the current
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that he desires, or, in electrodiagnosis, until a minimal contraction

is obtained.

Some rheostats are contained in large drums. Connected with

the drum is a sliding indicator which makes a contact at each

winding of the wire, and there may be several hundred such wind-

ings on the drum. The coils are made of special alloys and a very

large dead beat milliamperemeter is used in conjunction with

them. A rheostat of this kind is shown in the accompanying

illustration (Fig. 129). The current is regulated by moving the

projecting lever along the scale, which shows the voltage range

from o to 10 volts. The large milliamperemeter is above the drum.

Such an arrangement is excellent for electrolysis, and with an

alternating current it gives a sinusoidal current with volt control.

Current Interrupters, Reversers, and Combiners.

In the application of the dynamic current the necessity fre-

quently arises for suddenly breaking and then again making the

current, or for reversing its direction. The contingency is best

met by effecting the desired change in the metallic part of the

circuit, without removing the electrodes from the patient.

The mechanism by which the current can be broken and made
at will is known as the current interrupter; that by which the

current can be changed and its polarity reversed is called a current

reverser or commutator. It is most practical to combine these

two mechanisms in one, so that by means of a current interrupter

we can reverse, as well as break and make, the current.

A convenient commutator is made in the shape of two springs,

joined transversely and movable over three metal buttons. The
mechanism of the instrument is shown in figure 130. If the springs

are in the position indicated in the diagram—A resting upon 2,

B upon 3—then A will be negative and B positive; if they are

moved slightly, so that both A and B rest between the buttons in

the position A' and B', the current will be interrupted; if they

are moved to the other extreme, so that A rests upon 1, B upon 2,

A will become positive and B negative, the current being reversed.

Current reversers are manufactured in many different shapes; the

principle, however, is always the same.

Galvano-faradic Combiner.—It often becomes desirable in

electrodiagnosis to be able to change rapidly from the galvanic
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to the jaradic current, and vice versa, or in electrotherapeutics

to make use of these two curents in combination in the form of a

galvano-faradic current.

De Watteville has devised an instrument by means of which he

facilitates the interruption and reversal of the galvanic current, as

well as the use of the galvanic and faradic currents alternately or

in combination

—

i.e., the galvano-faradic current. The apparatus

is made up of two reversers similar to the one just described in

Olil

Fig. 130.—Commutator.

figure 130, and its mode of action and wiring is shown in figure

131. Two pairs of screws, G, F, receive connecting wires from

the poles of the galvanic and faradic apparatus respectively.

When the springs rest upon 1 and 2, the galvanic current alone

circulates; when upon 2 and 3, the faradic; when upon 1 and 3,

as in the, diagram, the galvanic current passes through 2 to F

—

thence through the coil to F+, to 3, and finally reaches ± or +
,

to which the electrodes are attached, according to the position of
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the reverser; having traversed the body,

through the opposite half of the apparatus

the faradic current is flowing at the same

time, it passes through the same circuit.

When all connections are made as in the

diagram, the galvanic polarity of the elec-

trodes attached to + and ± may easily

be determined by remembering that the

commutator ABC always points to the

positive terminal.

The accompanying illustration (Fig.

132) shows a portable galvano-faradic

battery. It is equipped with dry cells and

furnishes the galvanic, the primary and

secondary faradic, and the combined gal-

vano-faradic currents.

Measurement of Current.

We have just seen that the strength of

be regulated in a variety of ways, and

it completes its circuit

, G, and the battery. If

Fig. 131.—Galvano-faradic
Combiner.

the galvanic current can

we also know that the

Fig. 132.—Portable Galvano-faradic Battery.

strength of a current at any time can be measured by means of

suitable instruments. Formerly it was considered sufficient if the
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measurement of the current strength was determined by the num-

ber of cells made use of or by the angle of deflection of the needle of

a galvanoscope. It is, however, evident that such measurements

possess no value whatsoever, as they are only relative and never

absolute. Therefore some generally applicable system of measure-

ment that would admit of an intercomparison of the results obtained

by investigators at different places must be employed.

After a number of investigators, more especially de Watteville,

had recommended the division of the galvanometers into units

(millimeters, afterward milliampires), Gaiffe constructed the first

so-called absolute horizontal galvanometer, and yet his instru-

ment did not answer all requirements satisfactorily. When, how-

ever, Edelmann, in 1882, upon von Ziemssen's suggestion, con-

structed his unit horizontal galvanometer, he therewith furnished

all future instrument makers with a basis for the construction of

meters for medical work, and through this instrument the question,

whether the currents employed in medicine can be measured easily

and surely, is categorically determined in the affirmative.

Only magnetic measuring instruments are available for the meas-

urement of currents used in medicine. In discussing the principles

upon which these instruments depend we saw that they all consist

of a movable magnet, and a current surrounding this magnet. We
differentiate between horizontal and vertical galvanometers accord-

ing to whether the movable magnet turns upon a vertical or a

horizontal axis; in the latter the movable magnets swing in a hori-

zontal plane; in the former, in a vertical one.

Any milliarnperemeter that is to prove satisfactory for both

diagnostic and therapeutic use must be constructed with the follow-

ing desiderata in view

:

The instrument must be of a low resistance. It must not be

influenced by outside magnetism, and it must be independent of

the action of gravitation. Its scale must be sufficient in extent

(0-50 milliamperes), and the divisions should be uniformly distributed

over the entire scale and not crowded together at its end. The

magnet should swing aperiodically, and the instrument should give

equal deflection of the indicator to both sides of the scale, deflections

to one side indicating the flow of current in one direction, deflections

to the other side indicating the flow in the opposite direction. In-

struments deflecting only in one direction are simpler in construc-
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tion, and this fact counterbalances the slight inconvenience attached

thereto. The instrument should indicate correctly in whatever

position, horizontal or vertical, it may be placed. These remarks

require certain amplifications.

1. Upon the low resistance of the instrument depends to a

great extent its delicacy; this delicacy should, for diagnostic pur-

poses, be such that }>{ of a milliampere will be indicated upon

the scale, and Koo of a milliampere may be estimated. For purely

therapeutic purposes the measurement of % of a milliampere is

sufficient.

2. The instrument, in order not to be influenced by outside

magnetism, and yet to be sufficiently sensitive, should have no

Fig. 133.—Front View of Upright Milliamperemeter.

iron, steel, or nickel constituent in its moving parts, and the perma-

nent magnet should so be arranged around the core that all outside

magnetism is neutralized.

3. The division of the scale to at least 50 milliamperes would

be impossible on a segment of small circle, so that the use of shunts

must be resorted to; thereby enabling us to measure certain known
parts of the entire current. Thus, >{o or }{00 of this current may
be indicated upon the scale, in which case the scale divisions must

be multiplied by 10 or 100 in order to obtain a reading.

4. In the instruments formerly employed, the magnetic needle
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oscillated to and fro for a long time before it came to rest. This in

itself rendered the reading difficult, and often postponed a reading

for so long that the reading, when made, did not correspond (on

account of the lowered resistance of the body produced by the

flowing current) to the initial closure current that had produced a

physiologic reaction. The manner of making an instrument aperi-

odic, or dead beat, has already been described.

An excellent instrument, of American manufacture, serviceable

for diagnostic work, and that possesses all the requisites stated,

except that the needle is deflected in one direction only, is made by

the Wappler Electric Controller Company, of New York. The

mechanism of this instrument may be understood from the accom-

panying illustrations. Figure 133 represents a front view. The

Fig 134.—Showing Tension Spring of Milliamperemeter.

permanent magnet S N consists of four pole pieces. A soft-iron

core, C, is adjusted between the pole pieces at the point of greatest

density of the magnetic field. An armature, A (Fig. 134), consist-

ing of a small copper wire bobbin, swings in the magnetic field

around the core C. The permanent field is adjusted to the field of

the bobbin, N^-S2
, so that the slightest direct current traversing

the wire of the armature produces a tendency to rotate it. This

rotary tendency is counteracted by two tension springs, P 1 and

P 2 (Fig. 134), through which the current enters and leaves the

armature.

Flemming, of Philadelphia, manufactures a milliamperemeter con
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taining resistance coils by which the current may be lessened to

Ko or }ioo part, and in which the needle may be deflected in either

TO FLEMMING
PWILAD'A.PA.

Fig. 135.—Another Form of Upright Milliamperemeter.

direction (Fig. 135). It is approximately accurate, and with occa-

sional readjustment serves a useful purpose.

Fig. 136.—Horizontal Milliamperemeter.

Very convenient and reliable are the aperiodic horizontal milli-

amperemeters devised ' by Eulenburg, and manufactured by

Hirschmann, of Berlin (see Fig. 136).
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Remarks on the Practical Choice of a Milliamperemeter.

Whoever desires to make use of a galvanometer of the purpose of

obtaining measurements of currents for therapeutic purposes alone,

and does not desire to make accurate measurements of quantita-

tive physiologic reactions for diagnostic purposes, will have no

difficulty in selecting a suitable instrument. A slight degree of

inaccuracy is of no significance in electrotherapy, for the thera-

peutic action of a current is not altered by variations of 3^ of a

milliampere.

A vertical instrument presents the advantage of easier direct

reading than does a horizontal one; on the other hand, vertical

galvanometers with permanent magnets become unreliable in con-

sequence of changes in the magnetism of the needles, and must,

therefore, be recalibrated every few years. For ordinary practical

use we find the advantages of direct reading over indirect reading

by means of reflection in a mirror so great that we are willing to put

up with the inconvenience of recalibration.

Whenever absolute accuracy, reliability, and permanency of cali-

bration are desirable, the horizontal galvanometer should be se-

lected. The best instruments of this type of which we have prac-

tical knowledge are the Weston meter described on page 76, cali-

brated in milliamperes, Hirschmann's instrument, and the one made
by the Wappler Company.

Horizontal galvanometers with cocoon-thread suspension are

not adapted for general use, on account of the trouble encountered

in setting them up, and on account of the facility with which the

thread becomes disordered or tears. Horizontal instruments with

simple point suspension should be entirely discarded. The neces-

sary wear and tear upon the suspension points rapidly renders them

inaccurate.

Hot Wire Milliamperemeter for the Measurement of High Fre-

quency Currents.

The hot wire milliamperemeter is an instrument which is used to

measure the strength of a high frequency current which passes

through the body. No special principle distinguishes this instrument

from other meters, at the same time the ordinary milliamperemeters

are not adaptable to this purpose, because their range is not suffi-

ciently great and they are too flexible.
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The hot wire instrument is of the dead beat type and its indicator

needle is controlled by the expansion and contraction of a fine wire

that lies in the circuit of the current. When the current passes, the

PLATINUM WIRE

COPPER WIRE

ADJUSTING
SCREW

Fig. 137.

wire becomes red hot and thereby is expanded and elongated.

The change caused by the lengthening and shortening of the wire is

recorded by the indicator needle on a scale which is marked from

o to 2500. The accompanying diagram

(Fig. 137) shows the internal arrangement

of such an instrument and figure 138

shows its general appearance.

Voltmeters.

It becomes more and more apparent,

especially in electrodiagnostic and electro-

physiologic experiments, that the regu-

lation of the voltage of a galvanic current

is of greater importance than the regula-

tion of current strength by means of inter-

posed resistance. The arguments that for years have been advanced

in favor of the use of an absolute meter of the current strength em-

Fig. 138.
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ployed in medicine, and that have forced its universal adoption may
be applied, mutatis mutandis, to the use of a meter for determining

the pressure of the current employed; and there is no doubt that in

a very few years the use of a voltmeter by physicians and phy-

siologists will be quite as universal as is the present use of the

galvanometer.

The principles underlying the construction of voltmeters have

already been stated. If the resistance of a milliamperemeter be

increased up to iooo ohms, it can, without further change, be used

to measure electromotive force, for as a current of one volt pro-

duces one milliampere in iooo ohms, the milliamperes are equal

to the volts so long as the resistance in the circuit is iooo ohms.

Fig. 139.—Jewell Voltmeter.

Any galvanometer of sufficiently high resistance may, therefore,

be calibrated in volts and be used as a voltmeter. In the use of

the voltmeter neither the body of the patient nor any other unknown

resistance must be in the circuit while the electromotive force of

the source is being measured.

Reliable voltmeters are made by all manufacturers of indus-

trial electric instruments. The Weston and the Jewell meters are

those that we know best. The Jewell meter is manufactured by

the Mcintosh Battery Company, of Chicago, and is shown in figure

139. This meter is made according to the principles here advo-

cated, with a coil moving in the field of a permanent magnet. It
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has a resistance of about 120 ohms to each volt of scale, so that

a meter capable of registering from 1 to 150 volts has a resistance

of 18,000 ohms.

Wappler describes his latest galvanic apparatus, as it is used

in cabinets, as employing the double shunts consisting of a voltage

selector, galvanic rheostat and resistance limits, all of which have

wire resistance for the protection of patient, physician and apparatus.

The voltage obtained by the controller varies fron one to one hundred

volts, in steps of one volt. This is obtained by means of a wire

resistance coil and rack and pinion adjustment. As a volt controller

does not prevent the burning sensation in the skin when the street

main is used, a shunt rheostat is added. The de Watteville system

of switches is used. The milliamperemeter is of the "dead beat"

type. For an interrupter the electromagnetic rheotome is used

as superior to a key-wound rheotome.

Electrodes.

For the application of a current to the body for diagnostic or

therapeutic purposes, especially adapted end-pieces, or electrodes,

are necessary. These may be made of various materials and shapes,

according to the place of application for which they are designed.

For all purposes that require uniformity of application and pressure,

the electrode is furnished with a handle; in such cases the material

that constitutes the electrode must be sufficiently rigid not to bend

when pressure is exerted, and therefore only a hard metal should

be used. Yet their rigidity may be regulated by the thickness

of the metal employed, so that if it is desirable to give them an

individual shape for certain purposes, this may be done by using

a metal sheet that is so thin that it is capable of being bent by
hand, but that is yet of sufficient firmness to retain the shape that

has thus been given it, despite a fair degree of pressure exerted

on it through the handle.

Electrodes that are to be applied to the body directly by the

hand of the operator or by means of a broad band may be made
of flexible metallic lead, amalgam of tin, or wire netting, and thus

adapt themselves more easily to the surface of the body. The
handle of the electrode may be made the carrier of various con-

trivances for making, breaking, and reversing the current or for

controlling it. This handle is made of some insulating material,

usually hard rubber or wood, and should be so formed as to be grasped
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easily. Into the end of the handle is fixed a metal piece bearing

a binding screw and a metal rod, to which the electrode is fastened,

or the metal rod bearing the electrode at one end may be made to

pass through the insulating handle and have its binding screw for

the attachment of the conducting cord at the other end. Figure

140 shows the first form of handle and figure 140 A the second.

The electrode itself may be made of various forms, flat and in

that case circular, square or oblong, ball shaped or conic; be made

Fig. 140.—Electrode Handle.

of metal or carbon; and be bare or covered. If bare, it is used as

a dry electrode; if covered, it is covered permanently or at the

time of application with sponge, cotton, clay, or other material that

may be saturated with water, and is used as a moist electrode.

Cotton is easily wrapped about the carbon or metal terminal of an

electrode, and as this may be freshly done each time the instrument

is used, makes a very cleanly covering.

Electrodes of various shapes are shown in figures 141, 141 A, and

141 B. Figure 142 shows a bare electrode consisting of wires of

Fig. 140 A.—Electrode Handle.

•

brass or metal bound together in the form of a brush. It is known
as a wire brush. An assortment of such electrodes, varied not

only in form, but also in size, should form part of every electro-

diagnostic and electrotherapeutic outfit. The flat electrodes should

have the area of their covered surface marked upon them. Ball

electrodes should be supplied in diameters of 1, 2, and 3 cm. when
covered.

In the application of electricity to the surface of the body, elec-
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Fig. 141.—Varieties of Electrodes.
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l?»»-u t

Fig. 141 A.—Interrupting Handle and Various Electrodes.

Eustachian. 2. Eye. 3. Tongue. 4. Ear. 5. Nasal or laryngeal. 6. Interr upt-
ing handle. 7. Special nerve. 9. Uterine and rectal. 10. Urethral. 11. Cup-
shaped for os uteri. 12. Vaginal. 14, 15, 16. Olives, points, etc. 17. Carbun
disk. i8.»Wire brush. 19. Foot-plates. 20. Spinal.
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trolytic action takes place in the parts of the body traversed by the

current; the alkaline constituents of the decomposed tissue fluids

accumulate at the negative electrode, the acid constituents at the

C ' 1 I

i;
va,,j*.3X4 .

V |" !'

Fig. 141 B.—Abdominal and Other Pads. Aural Electrode.

positive electrode. These products of decomposition act deleteri-

ously upon the skin, and alter the electrode itself so as to interfere

Fig. 142.—Wire Brush Electrode.

with accurate scientific investigation. For these reasons the ex-

clusive use of unpolarizable electrodes was recommended by the

Fig. 143.—Unpolarizable Electrode.

Paris International Congress of 1881. This recommendation is

too far-reaching, but must be subscribed to in so far as scientific

investigations and persons with susceptible skin are concerned. It
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is always necessary, however, to give due regard to the coverings

of the electrode, to see that they are clean and not worn, and, above

all, to be careful that no metal part shall come in direct contact

with the skin.

An unpolarizable electrode is shown in figure 143. The de-

tachable handle carries a bell glass, into which protrudes a zinc

rod that is metallically connected with the binding screws. This

bell glass is filled with a solution of zinc sulphate, and is closed by

.

»

Fig. 144.—Combination Electrode Handle.

means of a stopper of clay or papier-mache enveloped in two folds

of linen.

The direct application of electricity to the various body-cavities

is effected by specially constructed electrodes. Their number is so

great that it is unprofitable even to mention them all, much less

shall we attempt to give a description of them.

The handle is best made detachable from the electrode itself,

and it then possesses the practical advantage that one handle can

be utilized for many attachment pieces. The attachment mechanism

4=4

Fig. 145.—Interrupting Electrode Handle.

between handle and electrode usually consists of a screw and nut,

the one or the other being upon the handle or upon the end of the

electrode. This variability in construction, as well as the fact that

different screw-threads are used by different manufacturers, often

renders it impossible to utilize the handle for any but the electrodes

made by the manufacturer of the handle. To obviate this difficulty

the senior author designed, years ago, a combination handle that

admits of the use of any electrode having a metal attachment end,

entirely regardless of the size or construction of this end. This
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handle is shown in figure 144. It consists of a double workman's

chuck, A, inserted into a hard-rubber cylin-

der, B, to the ends of which are screwed

small cylinders, C and D, beveled longitud-

inally upon their interior. Through these

the metal chuck also passes. The further

the cylinders C and D are screwed down,

the more do the chuck ends become com-

pressed, and the smaller does the opening be-

come. The method of use of these handles

is first to loosen the end cylinders until the

openings in the chuck are sufficiently large

to admit of the introduction of the end-

piece of the electrode at one terminal, and

the binding piece of the conducting cord at

the other; then the cylinders are screwed

down until the inserted electrode and con-

ducting cord are firmly held.

The handle, as already mentioned, may
also be made the carrier of a current inter-

rupter, reverser, or controller.

The interrupting electrode that we con-

sider the best is shown in figure 145, and

a new and practical pole-changing and cur-

rent-controlling electrode, made for us by

the Wappler Company, is shown in figure

146. Both these illustrations explain them-

selves.

Usually, in electrodiagnostic and electro-

therapeutic work it is desirable to attach one

electrode firmly to the body of the patient,

so that while manipulating the other the

operator may have a free hand for the regu-

lation of the current, etc. Such fastening

may be accomplished by means of an elastic

belt or by means of hard-rubber springs.

The latter possess the advantage that, by

means of heat, they may be given any de-

sired shape or strength of spring (Figs. 147 and 148).

Fig. 146.—Pole-chang-
ing and Current-controll-

ing Handle.
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Conducting Cords.

Conducting cords are used to make a connection between the

electrode handle and the source of current supply. They consist

of a conducting wire or wires covered with some insulating material,

and are furnished with rigid metal ends by means of which they may
be firmly connected with the binding posts of the battery. Such

Fig. 147.—Electrode with Hard-
rubber Spring Attachment.

Fig. 148.- -Electrode with Elastic

Belt Attachment.

a conductor should be made up of a cable of many copper or brass

wires, and be so flexible that the entire cord presents no inconvenience

on account of rigidity. Their length should be at least 1^ meters,

and the insulating coverings should be of different colors—red and

green or red and black—for the two cords employed, so that they

can easily be followed by the eye from the electrode to the battery,

and thus the pole of the electrode be recognized.
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APPARATUS

The prime essentials of an apparatus for electrodiagnostic and

electrotherapeutic purposes are as follows: The source of supply

must have a sufficient electromotive force and be of fair constancy;

a current controller, preferably a selector or volt controller and rheostat,

a pole changer, and a galvanometer must be available in the circuit.

The source of supply may be from a central station (electric light,

etc.) or from a battery. Over the currents supplied by the electric

light and power companies the physician has no direct control. He
can modify them only after they reach his apparatus. Considera-

tions of various kinds, however, may govern the choice of a battery.

Batteries and Cells.

In addition to being fairly constant and furnishing a current of

sufficient intensity the battery should be durable, and at the same

time of such simple construction that all its parts are readily accessible

and can be kept clean and in repair by the physician himself; further-

more, the original cost, as well as the cost of maintenance, should be

moderate. The frequent necessity of transporting the apparatus to

the patient's bedside requires that one form shall be small, light, and

easily portable.
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The electromotive force of the battery must be sufficiently great

to furnish 20 milliamperes against a resistance of 5000 ohms.

For certain special purposes from 3 to 5 milliamperes may suffice,

while for others (gynecologic work) many more are necessary.

Theoretically, we should therefore prefer cells of high electromotive

force and slight internal resistance ; but considering the high resistance

of the human body, this is not essential, and cells with less surface

of elements, and which, therefore, are smaller and have a higher

internal resistance, such as the Leclanche, will, for other reasons,

be found more efficient. In order to obtain sufficient current strength

a battery must be made of a large number of cells. Stationary

batteries with Daniell cells require at least from 50 to 60 cells, while

if Leclanche cells be used, 40 will suffice. A portable battery should

have 40 Leclanche or silver chlorid cells, or 30 potassium bichromate

cells.

As regards the constancy of the battery, it is necessary that,

with an interposed resistance equal to that of the human body, the

current strength should remain unaltered for at least fifteen min-

utes. This may be taken as the maximum service required of a

battery at any one time, while usually a very much shorter period will

suffice, and in electrodiagnosis momentary currents only are required.

For this reason, and because by means of a proper system of current

control and a milliamperemeter the current can always be kept at a

certain strength, no matter how inconstant a battery may be, I lay

less stress upon the constancy of the battery than is usually done.

For portable batteries the cells will, of course, be as small as

possible, leaving all other qualities aside, and for this reason such

cells as the Grenet and dry cells, which would be unfit for use in a

stationary battery, may here be used.

Stationary batteries, on the other hand, must, above all, be

durable and reliable, while the size is of less importance. There-

fore other qualities of the individual cells may be considered.

So, in a portable battery, the current controller and reverser

may be affixed to the electrode handle and the galvanometer be

detachable from the apparatus, while in a stationary battery all these

appliances should form an integral part of the machine, as it

will also be found practicable to combine the faradic coil, as well

as any other apparatus (sinusoidal), on one and the same base

with the other parts of the apparatus.
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Cells.

The choice of a cell will depend upon the purpose for which it

is to be employed—whether for a stationary or for a portable battery,

and whether the current is to be directly applied to the body or is to be

used for cautery and light.

Any cell of fair electromotive force and constancy may be em-

ployed for diagnostic and therapeutic purposes; yet certain cells

possess material advantages over others.

For stationary batteries the gravity cells have been largely used,

but in my opinion they are entirely unsuited for the practical re-

quirements of a physician. They are exceedingly dirty, in conse-

quence of the constant accumulation and creeping of the zinc sul-

phate, and the frequency with which they must be refilled makes them

untrustworthy. Evaporation rapidly breaks the circuit by lower-

ing the water surface below the horizontally suspended zinc.

The cells best suited for a stationary battery are of the open circuit

type, and of these, the one that we have found most advantageous is

the Leclanche, of one form or another, either the prism or gonda

pattern. For all-around work—galvanization, electrolysis, etc.—we
know of no cell that will give so much satisfaction. Its electro-

motive force is high, and its internal resistance is moderate.

So long as the cell is not in action there is little chemical decom-

position, as the circuit, then, is open. Theoretically, there should

be none. The cell is always ready for use, and if well constructed,

will last for some two years without other attention than an occa-

sional refilling with water. These cells, furthermore, are so simple

and so easily managed that they may be cleansed and refilled without

expert assistance.

Portable Batteries.—Highly as Leclanche cells are to be recom-

mended for use in stationary batteries, they give little satisfaction

for portable use. This results from their necessary diminution

in size. The smaller such a cell is made, the more unsatisfactory

does it become. Test-tube Leclanche cells have been combined

into portable batteries, but their constancy is so problematic and

their local action is so great, that such batteries give no satisfaction

at all.

Dry cells (really an improved form of Leclanche) are quite de-

sirable for portable batteries, on account of the impossibility of

spilling and oxidation. Such cells, if not too small, are sufficiently
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constant for all medical purposes, and, having a capacity of as much
as 4 ampere-hours, would last for 4000 applications of 6 milliamperes

of current and of ten minutes' duration each. The only objection

to such batteries is from an economic point of view; for the cells

once exhausted, cannot be replenished, but must be replaced by new
ones.

When a specially small cell is required, or whenever the restric-

tion of the size of a battery to a minimum is desirable, there can

be no better selection than the silver chlorid cell. Such cells are

most thoroughly depolarizing, and can, therefore, be made smaller

than any other without sacrifice of constancy. They have an

electromotive force of 1.61 volts, and a low internal resistance; they

are always ready for use, are not in action when the circuit is open,

and are so sealed that no fluid can escape by shaking or with moder-

ately rough usage. The objection to these cells is the expense of

refilling.

Potassium bichromate cells possess certain advantages for port-

able batteries that make their use desirable, especially for country,

work, where the services of an electrician are not usually obtainable,

and for those who have but infrequent use for a battery of any kind.

In the first place, they can easily be refilled and cleansed by the in-

experienced; such a battery that has stood unused for months

may be cleansed, refilled, and put in good working order again in

about one hour. Furthermore, they have a very high electromotive

force—2 volts—and less than 0.05 ohm of internal resistance, so that

two cells are about equal in practical medical work to three cells

of the Leclanche type ; thus the battery may be considerably smaller.

They are also particularly useful for the strong current required

for electrolysis. The zincs last for a number of years when used

only for average bedside work, and can be replaced easily. Various

solutions may be used as electrolytes. The preferable solution is the

following:

Potassium bichromate, 1 part

Water, 20 parts

Strong sulphuric acid, 2 parts

Mercury bisulphate, ."
1 part

To cleanse the cells, the vessels should be filled with water, and

the elements should be left to soak in them overnight, so as to dis-

solve all the crystals that have formed. The disadvantage of these
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cells is that they must have plunge elements, and the mechanism by

which the plunging is effected frequently becomes disordered. The

vessels cannot be closed effectually, and in consequence evaporation

and spilling of the fluid are not guarded against. If the battery

is in daily use, it must be cleansed and refilled about once in every

three months.

The purpose for which the cells are to be used will determine the

manner of their arrangement.

The number of different kinds of stationary and portable batteries

manufactured for medical purposes is very large, and each one may
have some special point in its favor. It is, however, impracticable

and useless to enumerate the various kinds in the market, as the

principles governing their construction have been given at ample

length. The catalogues of manufacturers may be consulted to

determine in how far these principles have been carried out.

Tests for Polarity.

The cells having been arranged into a battery, the terminals

of the first carbon and that of the last zinc must each be joined

to a binding post upon the plate of the apparatus used. These

binding posts then become the positive and negative poles respectively,

and serve for the reception of the ends of the conducting cords.

These poles are usually marked + and — but often, through some

error of connection, the polarity has become changed or the posts

may have been marked incorrectly, it is, therefore, necessary to test

the polarity of the posts before using the battery. The poles of the

battery may be determined as follows: The two metal ends of the

terminal wires being placed upon a piece of moistened litmus paper,

the anode will turn the paper red, while the kathode gives it a deep

blue color. If instead of litmus paper a mixture of potassium iodid

and starch paste is used, the anode causes a deep blue coloration.

When a great deal of pole testing is to be done, as when the cur-

rent is obtained from the main (because the dynamo may at any

time be reversed without our knowledge) , it is convenient to have a

special pole tester. The author has had constructed two that are

admirable in their simplicity and trustworthiness. The testing

agent here employed is phenol-phthalein. One of the devices consists

of a glass tube filled with a solution of phenol-phthalein and sealed.

In each end of the tube is a piece of platinum wire that passes

through the glass into the fluid, while the outer ends are connected
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with binding posts (Fig. 149). The fluid surrounding the kathode

turns a bright red upon passage of the current. The agitation

of the liquid causes the red color to disappear.

In the other device, figure 150, a paste of chalk, plaster-of-Paris,

and phenol-phthalein is held in a form of hard rubber. For use

Fig. 149.—Pole Tester.

the paste is slightly moistened and the wires are applied, when
the red color at once indicates the negative pole.

When none of the foregoing indicators is available, the wires may
be placed in a glass of water, and the large number of bubbles arising

from one wire will indicate the negative pole; or the electrode may
be applied to the tongue, when a weak alka-

line taste will indicate the kathode, a markedly

acid one, the anode. In neither of these

methods should a strong current be used.

Fig. 150.—Pole Tester.
Care of Battery.

No matter how well constructed, every electric apparatus requires

a certain amount of care and attention. The physician who knows
thoroughly every detail of the mechanism of the apparatus with

which he is working, being able, if necessary, to take it apart and

put it together again, will derive more satisfaction from an inferior

apparatus than will he who does not possess this knowledge obtain

from one that is actually much belter in every way. Simplicity

of construction is, therefore, a great advantage; the fewer screws,

wires, and connecting points there are, the more readily will the

physician be able, in an emergency, to repair slight disorders of

function, and the less likely are such disorders to take place.

Location of Disorder.—Should disorder occur and the current

grow suddenly weak or fail entirely, the source of trouble should

at once be sought. It has been my experience that in the majority

of cases imperfection or failure in the current flow is due to dis-
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ordered contact at some point of the circuit. Hence a systematic

search should be made, and the entire circuit be examined.

It is best to begin with the connection between the body of the

patient and the battery, then to examine the instruments upon the

base of the apparatus, and finally to inspect all connections under

the base and in the source of supply itself. It will most often be

found that (i) the electrodes are not sufficiently moistened, and

that, on account of insufficient contact between electrode and body,

the necessary amount of current cannot pass. The remedy is

obvious—viz., thorough saturation of the covering of the electrodes,

preferably with warm or salt water. (2) There may be a break

in the wire of the conducting cords. Such breaks usually take

place at the part where the wire is attached to the insertion piece

of the cord; a break may also occur within the insulating covering.

A test made after the removal of the insertion piece or the substitution

of the entire cord by another, and notation of the galvanometer

deflection, will show the seat of trouble if it lie in the two cords.

If no disorder be found in electrodes or conducting cords, the

apparatus on the base must be scrutinized. Here the most frequent

disorders are: (1) The loosening of a screw; therefore all screws

should be tightened. (2) Switches, contact buttons, plugs, and

plug holes become tarnished, corroded, or dusty, and thus interfere

with perfect contact. A little vaselin or oil will remedy this.

(3) The galvanometer is frequently connected to the base by means

of a metal spring, and this connection may have become loosened.

(4) The faradic current usually fails because the interrupter works

badly. Usually it does so because the contact between the screws

and contact plate has become deranged. A proper adjustment

of the screw will remedy this. Or it may fail because the contact

plate has become oxidized, in which case the oxid may easily be

removed with a file.

No disorder having been found above the base, an examination

of the cells and their connections should follow. Here the disturb-

ance will usually be found in the cells themselves. Such disturb-

ances are due to lack of water surrounding the elements, or to

the zinc being so badly eaten that it must be replaced.

Any disorder in the wire attachments of the cells can be remedied

easily.
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CURRENTS FROM CENTRAL STATIONS

Whenever a current from a central station can be obtained—that

is, whenever electric wires for lighting or power are easily accessible

—the physician can well dispense with the always more or less

troublesome and inconvenient cells, and obtain all the advan-

tages of an unlimited supply either by using such currents directly

or by charging secondary (storage) cells and then deriving his thera-

peutic or diagnostic current from these.

Dynamo Currents.

At first impression it seems foolhardy to use for medical purposes

an electric current that has caused so many and so serious acci-

dents. The convenience of this source of electricity is, however,

so great that if it can be shown that the dynamo current can so be

regulated that its employment will be unattended by danger, every

physician who has access to such a current will undoubtedly desire

to use it.

The current that is easiest to use is the one employed for lighting

incandescent lamps, as that is furnished directly to all modern houses.

For lighting lamps both direct and alternating currents are

employed.

The direct current dynamos deliver a current that, to all intents

and purposes, is constant, 1 and that practically differs in no way
from a battery current. It will serve fully the purposes of the

physician.

The alternating current, on the other hand, is lacking in electro-

lytic quality, and requires a transformer for cutting down the voltage,

and a commutator for turning the alternating current into a unidi-

rectional one before it can be made available for our purposes.

In New York city, the direct current delivered to us is the

Edison current, which is received at a pressure of no volts approxi-

mately. It is this current to which reference is had here unless

some other is specially mentioned. In considering the physical laws

governing this current, all that has been said concerning battery

currents will apply, except that, inasmuch as we have no internal

resistance to deal with, we can, from our no volt source of supply,

1 Ample experiments have been made, proving that nothing need be feared on

account of the inconstancy of the current, as is shown by the steadiness of the galva-

nometer needle.
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obtain an extremely strong and intense current if little resistance

be placed in the circuit, and it need hardly be said that by interpos-

ing sufficient resistance we can prevent any current whatever from

passing.

We therefore see that the regulation of our current is prac-

tically entirely a question of interposed resistance.

Before proceeding with the description of the apparatus used for

control of the current pressure and current quantity, let us directly

answer the question that is asked daily: Is there no danger in the

use of an electric-light current? There certainly is.

Any uninsulated conductor through which the current is passing

may be held in the hand without other danger than is due to the

overheating of the wire. If, however, the current be one of high

voltage, and a complete circuit, of which the body forms a part, be

thereby established, there may be grave danger to life in grasping

such an uninsulated conductor.

Thus, a person standing upon a dry wooden floor may with safety

touch a bare wire through which a current of high voltage is pass-

ing, and will in all probability not be aware of the fact that an elec-

tric current is flowing; if, however, this person, while touching the

bare wire, should bring any other part of the body into contact

with some other electric conductor, as a gas-pipe, a water-pipe, or a

grounded wire, he may receive an injurious and even a fatal elec-

tric shock.

The quantity of current that, under these circumstances, will pass

through the body depends, of course, not only on the electromo-

tive force of the source, but also on the resistance of the circuit

—that is, the body; and this resistance will be dependent upon

the nature of the contact between the body and the other con-

ductors. It is, therefore, not possible, even with a given electro-

motive force, to say whether a strong or a weak current has passed

through the body, unless we know whether good contact or poor

contact has been made. As regards the voltage that may, under

favorable circumstances, prove dangerous, we may say that a con-

tinuous electromotive force of twenty volts cannot prove injurious

when applied to any part of the uninjured surface of the body,

because from this pressure only a small quantity of current can thus

be obtained.

Kennelly, in experimenting upon animals, has shown that an al-
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ternating electromotive force of fifty volts is capable of killing a dog

in two or three seconds when suitably applied by means of large

electrodes; and from his experiments upon dogs, horses, and cows

it seems that with currents of ordinary commercial frequency the

danger from a certain alternating pressure is two or three times as

great as that from the same amount of continuous current pressure.

The danger in New York and other large cities, with their subways

and perfected source of supply, does not lie, as is generally as-

sumed, in the sudden increase of the current strength or in the

failure of supply. The actual dangers against which we must guard

lie, as Hedley has shown, in leakage currents, and, when the alternat-

ing current is employed, also in the breakdown of insulation between

primary and secondary transformers.

The first source of danger has been underestimated or completely

ignored by all writers, with the exception of Hedley; nevertheless

the danger is a menacing one, and may give rise to serious accident.

In order to understand these accidents let us see how the direct

current is distributed to the consumer in New York. This is done

by the three-wire system.

This system consists of a double circuit, each branch of which has

an electromotive force of no volts, the entire circuit thus giving

220 volts. This division is made for purely practical purposes,

inasmuch as 220 volts will carry a larger quantity of current a longer

distance with a smaller percentage of loss than no volts will.

In this double circuit the middle or neutral wire leads to the

ground, or is, perhaps, contrary to law, even grounded. The ac-

companying diagram (Fig. 151) shows the wiring of such a 220 volt

circuit.

Inasmuch as all water- and gas-pipes are underground, the neu-

tral or ground wire may prove a source of danger by carrying an

excessive amount of current into houses through these gas- and

water-pipes, as they actually form branches of the neutral wire that

are free in the rooms at all outlets

—

i.e., gas-jets, chandeliers, bath-

tubs, and faucets. This danger is shown in the following diagram

(Fig. 152).

It will be seen that the neutral wire G is connected, through the

earth, with faucets and gas arms, and certainly also with waste-pipes.

Now, if the rheostat or current-regulating device is connected

between the one terminal, A, leading to the patient, and the wire G
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220 V

. to ground

110

110

in the diagram, we can plainly see that if the patient should in any

way form a ground connection, through a damp floor or through a

bath-tub with a waste-pipe attached, or by coming in contact with

a gas arm or water faucet, the rheostat would become useless, as

the current would take the course of least resistance and pass from

the ground through the patient to the positive wire, thus giving the

patient the full voltage (no volts) on the line-.

It is thus apparent that there is danger connected with the use of

the current unless the right wires

are selected first and an efficient

controlling apparatus put in the

proper place. The correct manner

of introducing the controlling ap-

paratus is shown in figure 153. It

will here be seen that the resistance

is placed between the main branch

of the circuit and the patient, so

that if the patient come in contact

with a grounded pipe, the resist-

ance will still be between him and

the source of current.

A source of danger, which can.

of course, occur only with trans-

formed systems, is that due to a

breakdown in the insulation between

the primary and secondary wind-

ings of a transformer. As a conse-

quence, the secondary windings

would have their potential very

materially raised. This is an OC- Fig. 151.—Diagram Showing the

., . , , , Arrangement of Wires in the 200 Volt
currence that cannot be guarded circuit.

against, so the only remedy lies

in some arrangement by which the current would be cut of in that

event.

Various apparatus for this purpose exist: In one the secondary

mains are automatically connected with the earth upon a dangerous

rise in potential; in another a second transformer is in circuit with

the patient; or, finally, we may make use of a magnetic cut-out in

the circuit, so that upon rise in the pressure of the current the cut-

220
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out will gradually diminish the current to zero. Fusible cut-outs

and lamps as safeguards are worse than useless, for they induce us

to place confidence in apparatus that will never act promptly, as

they require time to melt or to break. But even the safety cut-outs

FlG. 152.—Diagram Showing the Danger of the Three-wire System.

first spoken of, no matter how well constructed, must fail to guard the

patient against a momentary shock that, no matter how short in

duration, may, for all that we know to the contrary, do irreparable

damage.

No safety cut-out can act before, the increased current has reached
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it, and so soon as the
4
current has done this, it has also passed over

to the other end of the line.

As previously mentioned, another source of danger may lie in a

sudden increase of current on the line in consequence of an accident

at the central station, or through the crossing of the supply wires

by wires from another source

—

e.g., arc lights. While this is not

likely to happen in New York city, a method should be provided to

guard against possible danger from such an occurrence.

This danger may practically be overcome by the employment of

a compound shunt. Here the

shunted current is again shunted,

and the already reduced voltage

again reduced. No more delicate

graduation of a current can be

imagined than the one obtain-

able by this means. A reference

to figure 154 will make this clear.

The current is first regulated

by the resistance controller at B.

If the full resistance be inter-

posed, all the current will pass

through the shunt, and the quan-

tity of current in the shunt cir-

cuit is proportional to the inter-

posed resistance. Now, follow-

ing the shunt circuit to C, the

process is repeated by shunting

the current again and placing

another resistance Controller in Fig. 153.—Diagram Showing Where the

one arm of the shunt, so that %%£*£&$£,£*" "' Placed

the ultimate current is the result

of a double shunt. I believe that this is the first time that this

idea has been practically applied.

How to Use the Central Station Currents.—We are now in

a position to use any current at our disposal for any purpose that

may be desired.

It is simply a question of a suitable device for controlling the

current for the purpose in question, and of placing this device at the

proper location in the circuit.
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The device for controlling the direct current from the main will

differ from that necessary to control the battery current only in its

adaptation to the larger volume of current that we make use of.

The principles governing such adaptations are as follows:

i. In galvanization of the human body no more than one amp he,

of current is needed; therefore additional resistance sufficient to

limit the volume to this amount should be placed and allowed to

remain in series with the controlling device. This is the limit resist-

ance and is nonvariable. As such a limit resistance, incandescent

lamps have been used, the lamps limiting the current in accordance

&<>'
my|?iTiTl;jji?i?iTi?l

C-*
LC
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Fig. 154.—Diagram Showing How the Current is Derived from a Double Shunt Circuit

with their candle-power; thus, with a no volt current an 8 candle-

power lamp would limit the current to ] 4 of an ampere; a 16 candle-

power lamp would limit the current to J^ of an ampere; a 32 candle-

power lamp would limit the current to 1 ampere; a 50 candle-power

lamp would limit the current to i 1
-^ amperes; but these limits are

only correct when these lamps are at full incandescence, as the carbon

filaments have a great deal higher resistance when below incan-

descence. On the other hand, the life of the lamp is limited and the
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filament is apt to break, or may become detached from its socket,

even before it is exhausted, by a sudden jar, and thus the supply

of current may suddenly be cut off.

A wire resistance of the necessary capacity has very many ad-

vantages: it furnishes a trustworthy and invariable resistance;

it will not deteriorate, and, if properly arranged, it will not get out

of order.

2. We must, further, make use of some contrivance for regu-

lating the intensity and the quantity of the current thus obtained.

In all contrivances now in use, together with a galvanic con-

troller (rheostat), lamps are employed for shunling off current

—

that is, for reducing the voltage or intensity. Nothing can be

more reprehensible than an arrangement of this kind, for should

such a shunt lamp break down or loosen from its socket, the voltage

passing through the patient would suddenly and very materially

be augmented.

For affecting the relative intensity of a current a rheostat of con-

siderably higher resistance is connected in series with the limit

resistance, and from this rheostat we derive our current, properly

modified and perfectly adjustable.

In the construction of rheostats for use with the street current

we must not fail to consider that a greater quantity of heat is apt

to be generated in the resistance cylinders than would be the case

if the battery current were used.

This heat-production must, if possible, be guarded against, not

only because it may be so great as to fuse the wires, and thus destroy

the apparatus, but also because the resistance in the controlling

device will vary with the temperature and thus interfere with

accurate measurements. This is* the main reason why carbon

rheostats are more or less unsatisfactory when used in connection

with the street current.

The only satisfactory rheostat for use in connection with the

street current is a metal resistance device of proper capacity, with

sufficient heat-radiating surface.
1

1 Heating capacity: no volts will send % an ampere through 220 ohms; if this re-

sistance be made to consist of a thin wire about four feet in length, it would at once

become red-hot when connected with a no volt circuit; if the wire were made longer,

it Would necessarily have to be made thicker in order to keep its resistance at 220 ohms;
then, while the same quantity of heat would actually be generated in the wire, it would,

nevertheless, not become so hot as in the case of the thinner wire, because it presents a
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The method that we employ for the regulation of the current

{voltage and amperage) from the main is, therefore, as follows:

A limit resistance made in accordance with the foregoing prin-

ciples is inserted at the point of entrance.

A resistance cylinder is placed in the main circuit, from which

the current is shunted.

This shunt current is passed through another controller, and

herefrom is derived another current; and in this circuit the patient

is placed.

The current in the shunt circuit will always be dependent upon

the proportionate resistance of the main circuit and of the shunt

circuit; the current following the path of least resistance. In the

resistance apparatus in the main circuit (first volt controller) two

terminals or slide contacts are employed, for the purpose of varying

the relative resistances according to their position upon the cylinder.

If the terminals are at opposite ends of the resistance cylinder,

the entire resistance is interposed in the main circuit, and the maxi-

mum amount of current obtainable will flow through the shunt

circuit. As the contacts are approached to each other, the inter-

posed resistance in the main circuit grows less and the current in

the shunt circuit becomes correspondingly diminished, until they

are directly opposite to each other on the cyUnder, when no cur-

rent will flow in the shunt. The electromotive force of the shunt

current will also depend on the resistance in the main circuit, as

already elucidated.

Owing to the construction of the resistance cylinder, the variations

in the intensity of the shunt current take place very gradually by

small fractions of a volt.

The shunt current then selected is still further reduced by the

second controller, which is constructed similarly to controller No. i,

only that it is so modified that no switch is required to turn the cur-

rent on and off. The same movement (hand or motor power) that

larger surface to the surrounding atmosphere, and thus permits of the escape of more

heat. Therefore the greater the heat-radiating surface, the less heat will be generated

throughout the entire resistance. If, however, we take the thicker wire, and, instead

of connecting it to a no volt circuit connect it to one of 220 volts, we should again

have the same state of affairs. It is thus apparent that our resistance must, in addition

to having ample heat-radiating surface, also be adjusted in accordance with the pressure

of the available source, and the resistance body selected must be of sufficient capacity

to carry the limit of current required for the special purpose.
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actuates the slide contacts turns the current on and off by means

of two bars and a spring that traverses them. These circuit-break-

ing bars run parallel with one of the slide bars, and each one forms

a continuous conductor from one end of the resistance cylinder to

the other; but at that point at which the two slide contacts

are directly opposite to each other, the spring, which has formed

an electric connection between the two bars, is forced to ride into

an insulation, thus breaking the electric contact between the two

circuit-breaking bars; then no current will pas through the controller.

The current in the shunt cannot be shut of without gradually

diminishing it to zero.



CHAPTER IV

APPARATUS FOR ALTERING ELECTROMOTIVE
FORCE

Induced or Faradic Currents. Magneto-electric Machines. Volta-

magnetic Machines. Dubois-Reymond Coil. Faradimeter. Standard

Coils. Current Source.

Mechanical Induction Apparatus.

The first induction machines used in medicine were magneto-

electric or rotary apparatus. These machines were used for a long

time, but were finally entirely displaced by the volta- or electro-

magnetic apparatus. Without going into the history of these

Fig. 155.—Magneto-electric Machine.

machines or describing them in detail, an illustration may be given,

so that the student shall not be entirely unfamiliar with their

appearance (see Fig. 155).

The advantages of such machines are that they always, without

special preparation, furnish a current that, with equable rotation,

possesses one and the same intensity; they are durable; the cost

of maintenance is reduced to a minimum, and they may be used for

the production of unidirectional or of alternating currents.

In order, however, to accomplish all this, the machine must be

complicated in its construction, and must be made so large that its

184
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portability is sacrificed. Furthermore, an assistant is necessary

to rotate the coils or magnet, and the regularity of such rotation

leaves much to be desired. With irregularity of rotation current

fluctuations are unavoidable. The use of a motor for purposes of

rotation is complicated and impracticable. For these reasons and

because the volta-induction apparatus works automatically, admits

of modification of the current intensity and of the current interrup-

tions, is perfectly portable, and is very much cheaper, it has, for

all practical medical use, displaced the old magneto-electric machines.

Volta-induction Apparatus.

The volta-induction apparatus manufactured for medical pur-

poses vary considerably in shape and appearance, but the principles

of construction remain the same. These principles are:

1. The primary coil, the function of which is to furnish a path

for the battery current and to interrupt and transform that current

in such a manner as to create induced currents in a secondary coil

near by, need be made of but few turns of comparatively coarse

wire. For the purpose of giving a different quality to the primary

current the number of turns may be increased. This primary coil

surrounds

2. The temporary magnet, which consists of a soft-iron bar or

a bundle of soft-iron wires, and becomes magnetized when the

battery current flows through the primary coil, again losing its

magnetism when this current is interrupted. This magnet, in

addition to augmenting the inductive action, may also be made

use of to interrupt the current automatically through the aid of

3. The Circuit Breaker or Interrupter.-—The current that flows

through the primary coil around the wire core must be broken

at intervals in order to effect the change of electromotive force nec-

essary to the creation of induced currents. Such interruptions

are produced in the ordinary coils by means of a spring, one end of

which is fastened to the base of the apparatus, the other end being

free directly on a line with the wire core, and having an iron head at-

tached to it. The tension of the spring is regulated by means of a set-

screw. This interrupter, with its connections, is shown in figure 156.

The current passing through the primary coil. P, magnetizes the

iron core, C; by its magnetic force it attracts the head on the in-

terrupter, I, and draws the spring away from the adjusting screw,
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S, thus interrupting the current. As soon as the current is inter-

rupted the iron core loses its magnetism and releases the spring,

which flies back and again comes in contact with the set-screw,

thus recompleting the circuit.

jnMDaBEt/
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Fig. 156.—Showing Circuit Breaker and its Connections.

In many induction coils the interruptions are effected by means

of a Neef or Wagner hammer (Fig. 157). Here a special electro-

magnet is employed.

When the spring in either form is in action, small sparks will be

seen to pass between the spring and the adjusting screw. Hereby

small particles of metal are torn off from both plate and screw

m^ s
point, which in time become markedly

worn. In order to prevent this wear and

tear as much as possible the screw point

and plate are made of platinum. Here-

by, also, the oxidation of these parts is,

to a certain extent, prevented. The

rapidity with which the current can be

interrupted by means of this mechanism

varies greatly in different instances, de-
FiG. 157-The^Neef or Wagner pending upon tne length f the sprmg) jts

elasticity, etc. ; each such spring can, how-

ever, be regulated within certain limits, so that the interruptions

become slower or more rapid. The sooner the spring meets the screw

point again after having been drawn away from it by the electro-

magnet, the more rapid will be the vibralions; therefore the further we
screw the point down, without, however, screwing it so tightly that

the spring is prevented from vibrating, the more interruptions will we
have; and the further the point is screwed back, yet allowing the

spring to make good contact, the fewer interruptions will we obtain.
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The interruptions may be varied still more, as regards their relative

slowness, by lengthening the spring, through the attachment of a rod

upon which a metal ball can be raised and lowered, or by means

of a rod and ring, as in Flemming's apparatus. For special work

the interruptions may be effected by means of clockwork, or Engle-

mann's segmentary rotary interrupter, run by an electric motor,

may be employed. Thus great variations and regularity of interrup-

tions are obtained; but for all practical purposes the simple Wagner

hammer will answer.

4. The secondary coil, or the induction coil proper, must be made

of finer wire than is used for the primary coil, have a greater number

Fig. 158.—Dubois-Reymond Coil.

of windings, and the length of wire be proportionately increased.

The increased length of wire necessitates an increased number of

turns in each layer. The lines of magnetic force emanating from

the primary coil and temporary magnet are increased proportionately

to each extra turn, and are cut by the secondary coil. In consequence

of this a greater number of windings is deemed advantageous by some.

But this advantage, derived from the increased length and num-

ber of turns of wire of the secondary coil, has its limit. The pri-

mary battery may not be able to overcome the increased resistance,

and, in addition, a self-induction current is set up, thus materially

reducing the secondary induced current. The efficiency of the

faradic apparatus depends greatly > on the nature of the current

derived from the secondary coil, and at times different forms of

current are required for various therapeutic purposes. To meet

this need the manufacturers of apparatus have arranged various

devices. Some furnish a series of coils wound with graduated turns

and thicknesses of wire. Others use a very long wire, of uniform

thickness, with many turns, and tap the wire at regular intervals by

means of a switch; thus required portions or even the whole coil

can be thrown in.
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This secondary coil may be fixed, or may be movable along a

track, sliding over and covering or uncovering the primary coil to

any desired extent.' If the coil slides, the track along which the

secondary coil moves should be graduated with a millimeter scale,

in order to show the extent of primary coil and core that at each

move of the secondary coil still remains covered by it. Such

an apparatus is shown in figure 158, and is known as a Dubois-

Reytnond coil. Upon the horizontal base S, which forms the track

for the secondary coil, is fastened the horizontal millimeter scale

and the vertical head-board G, which carries the primary coil /,

the binding posts c d for the extra current, as well as supporters for

the interrupter. Upon the track itself is mounted a secondary

coil, 77, which is movable over the primary coil; the latter having

in its interior the iron core, 77/, made up of bundles of wire.

In addition hereto we see upon the head-end two binding posts,

a, b, for the battery connection, and at the foot of the secondary

coil two binding posts, e, /, for the secondary current. If the poles

of the current source are respectively connected with a and b, the

current flows first through the automatic interrupter, which is

thereby set into action, and then through the wires of the primary

coil. The extra current may be obtained by connecting the elec-

trodes with c and d, while the secondary current is obtained by

connecting them with e and /.

The strength of a current from an induction apparatus may be

controlled in a variety of ways, by regulating the strength of either

the primary or the secondary current. In the forms of apparatus

in which the secondary coil is fixed, the strength of the current is

regulated by means of a movable iron core or by means of a damper.

In the first case the core of soft-iron wires around which the primary

coil flows may be pulled out or pushed in. The primary current

is weakest if the core is drawn out, and becomes proportionately

stronger the further the core is pushed in. In the second case the

electromotive force is altered by sliding a brass or copper tube over

the fixed wire core, thus cutting off the inducing effect of the core

entirely when it is completely covered, and increasing it as the

damper is drawn out

—

i.e., the core uncovered.

In the apparatus of the Dubois-Reymond type the current

strength is regulated by varying the extent to which the secondary

coil covers the primary one, in the manner already described. For
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all diagnostic purposes this method of current regulation is the one

that should be chosen.

A portable battery on which a coil of the Dubois-Reymond type

is mounted, is shown in figure 159. This is an Engelmann high

tension coil with three separate windings of the secondary coil"

which can be used at will.

Fig. 159.—Portable Faradic Battery, Mounted with a Coil of the Dubois-Reymond
Type.

Measurement of Induction Coil Currents.

The arguments advanced in support ot the use of instruments of

precision in the employment of the voltaic current for medical pur-

poses apply with equal force 'to the induced currents. While the

quantity of any direct or uninterrupted current flowing at a given

time can be measured satisfactorily by means of a galvanometer

introduced into the circuit, no instrument has as yet been devised

that is capable of doing this for induction coil currents. The in-

duced current that arises in the primary coil being a current of

one direction, may, by means of a very delicate galvanometer, be



I90 APPARATUS FOR ALTERING ELECTROMOTIVE FORCE

measured approximately, but the current flow is, on account of the

interruptions, of so short duration that the needle cannot come to

rest, and no actual reading of the galvanometer scale can therefore

be made. The secondary current is alternating as well as inter-

rupted, and no alternating meter exists that will register the small

currents of the secondary coil.

As the chief effects of an induced current depend upon the quan-

tity and electromotive force of the current, we must demand of any

serviceable meter that it record either the quantity of current in the

circuit or the voltage of the current. This is being done in a crude

and unsatisfactory manner by the millimeter scale, which indicates

the relative position of the coils. Inasmuch as the strength of the

induced current depends upon the strength of the inducing current,

upon the number of turns and size of the wire used in the coils, and

upon the size and shape of the temporary magnet, it will readily be

seen that any scale can serve only as an approximate index to the

strength of current in the individual apparatus for which it is con-

stituted, and even then must entirely disregard the variations of the

strength of the primary and secondary currents, due to variations

in the strength of the current from the exciting source.

Von Ziemssen and Edelmann have attempted to correct the

fault due to variations in the inducing current by introducing an

adjustable resistance in circuit with the primary coil, thus affording a

means by which the resistance in the primary coil may be altered

in accordance with the variations in strength of the current from

the primary source, and the strength of the inducing current be kept

constant.

In the Edelmann faradimeter, as this instrument is called, the

inducing current is kept constant at 300 milliamperes.

With the inducing current constant, the inducing effect upon the

magnet and secondary winding will correspondingly be constant.

The scale that accompanies the instrument is graduated in volts,

from 5 to 200, and so long as the strength of the inducing current

is exactly 300 milliamperes, the number of volts marked on this

scale, along which the secondary coil slides, is correct. In theory

this instrument is perfectly trustworthy so long as there is a fixed

resistance between the terminals of the secondary coil; but in prac-

tice this resistance, whether in diagnostic or therapeutic applications,

is constantly varying, so that the actual voltage in the circuit will

rarely correspond with the figures indicated upon the scale.
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Even admitting that the method is practical for scientific use, it

requires not only a specially constructed induction coil, but also

special measuring apparatus; these facts will act as an obstacle

to its general use for therapeutic purposes. Nevertheless, some

system of uniformity in the construction of coils should be observed;

for at present, on account of the varied dimensions given to coils

by different makers, even with the specification of the kind of cell

employed as well as the distance between the primary and secondary

coils, the current from one apparatus cannot be compared with

that furnished by another. Thus the results obtained diagnostically

or therapeutically by one observer cannot be tested accurately by

others. At the general meeting of the International Electrical

Congress, held in Paris on September 28, 1881, it was resolved that

the simple statement of the distance between the primary and secon-

dary coils of a Dubois-Reymond sled apparatus suffices for the deter-

mination of the induced currents used in electrotherapy, provided

that in its construction an apparatus of standard dimensions be

used as a model, and that one and the same kind of cell be used as

current source. The normal apparatus recommended possesses the

following dimensions:
Primary coil Secondary coil

Length of coil 88 mm. 65 mm.
Diameter of coil 36 68

Diameter of wire 1 " 0-25.

"

Number of turns of wire 300 5000

Number of layers of wire 44 28

Resistance, about 1.5 ohm 300 ohms

The current for working an induction apparatus must, if cells

be used, be obtained from cells having a low internal resistance and

as high an electromotive force as possible. The best cell for this

purpose would be the Grenet, but on account of the trouble attendant

upon frequent recharging and the necessity of immersing and remov-

ing the zinc each time before and after using the apparatus, other cells

are practically more convenient.

For nonportable apparatus, those that form part of the sta-

tionary office outfit, large Leclanche cells are most desirable. For

portable induction coils a dry Leclanche cell will be found eminently

satisfactory. For experimental purposes the greatest constancy

of the inducing current can be obtained by the use of thermopiles.

They are started by lighting a small gas. oil, or spirit flame. Their
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convenience, reliability, and durability leaves little to be desired.

The direct current from the central station may likewise be used,

and will be found unobjectionable.

In order not to burn the platinum contact plate on the interrupter

of the ordinary faradic coil, it is necessary to reduce the pressure

of the direct current to that which would be obtained from two or

three cells

—

i.e., four volts.

Fig. 160.—A Faradic Coil with Wire Rheostat Mounted on Wall Plate.

A rheostat, as already described, may be used for this purpose,

but it is unnecessary to limit to 1^ ampere, or to go so high as

twenty-three volts. In fact, all that would be required for operat-

ing the coil would be a lamp of thirty-two candle-power in series

with a four or six ohm resistance wire of one ampere capacity.

This would make it equal to a three or four cell battery, because a

shunt or parallel connection with six ohms carrying one ampere

yields about six volts at one ampere

—

i.e.,
-

> or 5.6. volts. If

desirable, this could be still further regulated. A coil with rheostat

is shown in Fig. 160.



CHAPTER V

APPARATUS FOR ALTERING ELECTROMOTIVE FORCE
{Continued)

Transformers. Motor Generators. Rectifiers and Converters.

Cautery. Illumination. Leduc Current. Sinusoidal Current.

Hydro-electric Baths. Combination and Universal Apparatus. Wall

Plates. Ultra-violet Rays.

Transformers.

A transformer is a piece of apparatus which is designed to increase

or diminish the e.m.f. which is furnished from any source of

electricity. This is accomplished by various modifications of the

principle of the induction coil. The current which one wishes to

modify is passed through the primary coil. The transformed

current is drawn from the poles of the secondary coil. The nature

of the transformation depends upon the number of windings as well

as the caliber of the secondary coil as compared with the windings

of the primary coil. If the e.m.f. is to be increased then the windings

of the secondary coil must be increased over those of the primary

coil. If the e.m.f. is to be diminished then the number of windings

of the secondary coil must be proportionately less than those of the

primary coil. The former process is called " stepping up," the

latter process "stepping down/' of the current.

There are two kinds of transformers, which are known as step-up

and step-down transformers. If, for example, the windings of the'

secondary coil are ten times those of the primary coil, the current

derived from the secondary coil would have ten times the e.m.f.

of that of the primary coil. So that if in such a transformer a current

of one hundred volts and ten amperes were flowing, then a current

of one thousand volts and one ampere could be drawn from the

poles of the secondary coil. It will here be noticed that what is

made up in e.m.f. or voltage, is lost in the quantity per second or

amperage.

Various devices are used in order to be able to vary the e.m.f. to

13 193
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be derived from the secondary coil. That which is most frequently-

used consists of having the secondary coil independent from the

primary coil and so devised that it can slide forward and back over it.

In this way in a coil whose primary has one hundred windings and

secondary one thousand windings, one could utilize one-half of

the secondary coil by allowing the secondary coil to overlap the pri-

mary for one-half its length. In order to facilitate the use of such

an apparatus, the secondary coil is placed on a slide or sledge, from

which it derives the name of sledge transformer.

This again may be modified by having the secondary coil fixed

and allowing the primary to be withdrawn or

replaced, in proportion to the current desired.

Closed Magnetic Circuit or Closed Core

Transformer.

The Ruhmkorff coil which was used

originally to energize the high frequency cir-

cuit and for high tension currents in general,

represented the open core type of coil and

was only 45 per cent, efficient. At the present

time the closed core type has supplanted it,

being no less than 85 per cent, efficient (see

Fig. 161), because it conserves the magnetic

field. Both primary and secondary coils are

wound with wire, insulated heavily with silk

and immersed in a composite wax. The pri-

mary coil is wound in sections for convenience

in delivering voltage for various uses. In the

appended diagram, A is the primary and B
the secondary coil. The voltage of the latter

is equal to a spark eight to ten inches long.

The subject of transformers enters very largely into cautery,

illumination, and X-ray apparatus and will be discussed and

illustrated more fully under these sections.

So far as the high frequency currents are concerned, the induc-

tion coil and commercial transformer are equally efficient. A reso-

nator is used with both machines, differing somewhat from that

used with the static machine. In the latter instance the resonator

consists of a large wooden cylinder with a number of windings. The

h B
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Fig. 161.—Diagram of

Transformer, Closed Mag-
netic Circuit Type.



TRANSFORMERS 1 95

resonator for the induction coil and transformer consists of small

Tesla coil, a pair of Leyden jars, and a spark gap. The output of

the two resonators is about the same. If a resonator is used with

an induction coil or transformer, a vast amount of energy is necessary

to run the induction coil, which in turn excites the resonator. The

coil is not only expensive but furnishes only the milder currents.

In some forms of apparatus the high frequency currents are

obtained by a direct conversion of the current from an ordinary

lighting circuit into high potential currents. This conversion is

effected by passing the current through a series of coils of the Tesla

type, and by substituting a specially constructed condenser for the

fragile Leyden jars, which are of limited capacity, and are generally

used with the resonator.

Separate Tesla coils or transformers may be used for the different

modifications of the high frequency currents, known as the Oudin,

the d'Arsonval, autoconduction, and autocondensation. These

various forms of current may be brought to separate and indepen-

dent terminals by means of selectors, switches, etc. But there are

separate coils, and separate controllers of potential, frequency and

strength/for each.

All high frequency currents are, in reality, d'Arsonval currents,

but in general when we refer to "d'Arsonval currents," we mean the

high frequency currents of low voltage and high amperage. But
Tesla devised a special transformer for the production of currents of

high voltage and of exceedingly high oscillations. D'Arsonval

then used this Tesla coil for experimentation and tapped the primary

winding of the coil at each end. In this way he obtained a current

of higher voltage, and this current is known as being derived from

the second d'Arsonval, or first Tesla circuit.

Thereupon Oudin discovered, that by attaching a long spiral wire

to one end of the secondary winding of the Tesla transformer he was

able to increase the voltage to such an extent that he could obtain a

finely diffused current by the use of only one wire. This led to the

Oudin current and to the Oudin resonator.

Motor Generators.

Motor generators, and motor-generator sets are used when the

source of electricity delivers an alternating current. These genera-

tors are commonly referred to as transformers, and notwithstanding
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that they do step down the voltage of the current, their actual func-

tion is 1o rectify it.

These motor generators are put to-

gether in various ways. One type is

shown in figure 162. A direct current

dynamo is mounted on an alternating

current motor, and the two are con-

nected by a belt. In another type this

arrangement is modified by placing the

motor and dynamo next to one another

and connecting them by means of a

coupling as is illustrated in figure 163.

In figure 164 the arrangement is still

further modified by placing the motor

and dynamo side by side and connecting

them by means of a belt. But no

matter what the arrangement is the

Fig. 162.— Step-down principle and the result are the same.
Transformers for Rectifying an . ,

Alternating Current. There also must be some device for

Fig. 163.—Transformer Showing Motor and Dynamo Connected by Means of a
Coupling.

the regulation of the speed of the motor, and such a speed controller

is illustrated in figure 165.
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Fig. 164.—Motor Generators for Transforming an Alternating to a Direct Current.

Pig. 165.—Rheostat Speed Controller.
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It can readily be seen how important the motor generators are,

because it is from them that we derive many of our therapeutic

currents (galvanic, faradic, sinusoidal) without the use of fluid

rectifiers, which will be discussed under another heading. These

generators are also of prime importance in cautery and illumination.

Rectifiers and Converters.

It is often desired to derive a direct or continuous current from

a source of electricity which delivers an alternating current. Such

mechanical devices have already been referred to under the heading

of Commutators, which are based upon the principle of induction.

An apparatus for changing an alternating current to a direct current

is known as a rectifier or converter, and it is not always practical

fc£
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Fig. 166.—Diagram Explaining a Nodon Valve.

to use the mechanical induction converters. For that reason

certain electrolytic rectifiers have been devised. These depend

for their action upon the properties of certain conductors of inhibiting

positive impulses and allowing the negative impulses to pass through

them. The simplest of such rectifiers uses aluminum and its

electrolytic action, because aluminum will not allow the positive

currents to flow through it, but is an excellent conductor for negative

currents. An apparatus of this type has been designated as a Nodon
valve, and the accompanying illustration (Fig. 166) will make clear

the action of such a rectifier. R, R, R, R represents four rectifier cells

connected as indicated between the two poles of a source of elec-

tricity which is delivering an alternating electromotive force. The
two poles taken from the source are connected with the terminals
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A and B. The rectified or continuous current is withdrawn from the

two terminals T and T 1
. The arrows represent the direction in

which the current flows.

Let us, therefore, consider the current as a number of impulses

in opposite direction, then it will be seen that when the positive

current enters at A it will pass through the first rectifier in the

direction of the solid arrows, so that the direction of the currents

at the terminals T and T 1
is from T to T 1

. When the poles of the

current are changed so that the positive pole becomes B, then the

current follows in the direction of the dotted arrows and, as can

be seen, again passes from T to T 1
. If, therefore, the current be

withdrawn from the two terminals it would always be found to be

flowing in the same direction or, in other words, to be a continuous

current.

When the ordinary alternating current is changed to a direct

current, by means of a rectifier, the latter retains some of the charac-

teristic pulsations of the former. This, however, is not true when the

alternating current is derived from a large dynamo. But regardless

of this, the pulsating quality of a rectified direct current does not

interfere with its ordinary therapeutic effects.

Rotary Converter for Producing an Alternating Current from a

Direct One.

In the rotary converter the alternating current goes through the

switch and rheostat to the transformer. At the end of the shaft of

the motor is attached a round miconite disk. The low potential

alternating current is passed through the primary of the trans-

former which increases in potential to about 100,000 volts, amperage,

25 to 50. The high potential current is then led from the trans-

former to a rotary pole changer, mounted on the armature shafts

of the converter. The pole changer, the round miconite disk, has

fastened to its periphery two copper strips which are opposite each

other and occupy a little more than one-fourth of the circumference.

Parallel to this disk is a glass plate in which are mounted four contact

plates and brushes equidistantly apart. They are so arranged as

to commutate the current and rectify the high tension alternating

current to a high tension unidirectional current. The alternating

current enters at two opposite contacts and the rectified current is
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taken from the other two contacts and conducted to the outer

terminals.

Rectifiers and converters enter very largely into the construction

of X-ray apparatus, and in that section they will be found more fully

discussed and illustrated.

Cautery.

The heating effect of the electric current may be utilized directly

for the purpose of raising the temperature of suitably shaped platinum

Fig. 167.—Motor Generator for Cautery and Illumination.

wires to a red or white heat ; the wires so heated are used for cauter-

izing purposes. A very strong current is required for thus heating

platinum wires of the thickness required for the cautery operations

as most of the burners require from fifteen to twenty amperes.

Formerly ordinary cell batteries were used, but they exhausted

themselves so quickly that their use now has been entirely abandoned.

When the current from the main is not available storage batteries

are substituted.

Storage cells, called also accumulators or secondary cells, are

made in a number of forms. The principle of their formation is
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the following: If two lead plates or lead grids containing lead oxide

are immersed in dilute sulphuric acid, and through such a cell a

constant current is passed, oxygen, through the electrolytic de-

composition of the water, will collect on the plate through which

the current enters, and will combine with the PbO to form Pb02j

upon the other plate hydrogen collects and reduces the lead oxide to

Fig. i 68.—Cautery Generator for Use with an Alternating Current.

metallic lead, which in a finely divided form, constitutes the so-called

porous lead, or lead sponge. When all the lead oxide has thus been

transformed, the storage cell is charged to its full capacity. If now
this cell be disconnected from the charging source and the free ends of

the two lead plates be connected by a conductor, a current will

flow through this conductor in a direction opposite to that of the



202 APPARATUS FOR ALTERING ELECTROMOTrVE FORCE

J I
I I

I I
I

I I I

I

^

Fig. 169.—Cautery Electrodes.
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charging current. This current flow will continue until both lead

plates have returned to their original conditions. The cell is then

discharged, and must be recharged for further use.

On account of the great demand for portable storage cells for the

use of automobiles, excellent cells at moderate price are now1 manu-
factured. They give the best satisfaction if used constantly.

Storage batteries are best charged from a direct line. In order

to prevent too great a flow of current, a resistance must be inserted

Cautery Handle.

into the circuit. The positive wire of the line must be connected

with the positive pole of the battery, and the negative wire of the

line with the negative pole of the battery. Full directions as to

time of charging, care of cells, etc., accompany all purchasable

batteries.

But under all conditions where the current from a central station

is available a cautery motor generator should be used. These gen-

erators are controlled by a special rheostat and deliver a low voltage

suitable for this kind of work. If the central station delivers an

alternating current, a transformer with a closed magnetic circuit

must be used to transform the current to a direct one. Many differ-

ent pieces of apparatus are furnished by various manufacturers to

supply a current suitable for cautery, and most of these are also

suitable for illumination. We have selected a few that we consider

the best, for illustration.
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Figure 167 shows a direct current motor of }£ horse-power which

generates a current of low voltage. The motor is mounted on a

special rheostat which is able to give a minute control by means

of a carefully adjusted rack and pinion device.

Figure 168 shows the form of an apparatus designed for use with

an alternating current. The transformer is of the low tension type

and the rheostats are interposed between the secondary windings.

Cautery Electrodes are made of conductors of heavy flexible

copper, well insulated and wound with silk, and tipped with a burner

of platinum, or platino-iridium. The burners are of various lengths

and shapes, as shown in the illustration.

The handle for the cautery electrodes should be simple in con-

struction and should be fitted with a device for making and breaking

the current. Such a handle is shown in figure 170.

The conducting cord to connect the handle with the generator

should be of a heavy, well insulated cable of a capacity of 30 amperes.

IUumination.

The lighting effects of electricity are of course widely used for

diagnostic purposes. The apparatus for illumination is often com-

bined with the cautery apparatus, as the same form of generator is

necessary in both instances. The same rules that apply to the

cautery apparatus hold good, in a general way, for the illuminating

apparatus. The accompanying illustration (figure 172), shows a high

tension transformer of the coil type which is suitable for both illumi-

nation and cautery. This apparatus is designed for use with an

alternating current which is transformed into separate circuits for

lighting and cautery, so that each can be used simultaneously or

independent of the other.

Exploring Lamps.

A thin platinum wire or a fine carbon filament connected in the

circuits of several cells of high electromotive force and low internal

resistance will be heated to an incandescent state. Such uncovered

incandescent platinum spirals have been made use of in connection

with small metallic reflectors, for the purpose of direct illumination

and visual examinations of the accessible body-cavities. On account,

however, of the heat produced and of the danger of burning the tis-

sues, they presented fewer advantages than reflected daylight or

lamplight. Since the discovery of the Edison filament of carbonized
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vegetable fiber small incandescent lamps entirely inclosed in an air-

tight glass chamber have been constructed, whose introduction into

the body-cavities is not only feasible, but entirely unobjectionable.

A set of such miniature lamps is shown in figure 173. Such ex-

ploring lamps require a current pressure of from four to fifteen volts,

and a current strength of from Y± to iV£ ampere.

Fig. 172.—Illumination and Cautery Transformer.

Care must be exercised in the employment of such lamps that

the pressure shall not exceed that for which they are designed.

They may be operated by a battery or by a current from the main

line. Under all circumstances a controller should be used. If the

main current of no volts be employed, a 50 candle-power lamp,
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allowing i% ampere of current to pass, and a volt controller in

series with the exploring lamp, should form the circuit. The con-

troller having a capacity of i^ ampere need not have a resistance

of more than 20 ohms. For the use of reflected light the ordinary

filament is inadmissible, as the reflection of the filament in the mir-

ror interferes with the examination. E. B. Meyrowitz, of New
York, furnishes a lamp in which this objection is overcome through

a spiral arrangement of the filament (see Fig. 174).

An excellent controller, made in accordance with the principles

already enumerated for the regulation of the line current, and adapt-

ing it for the operations of small lamps, faradic coils, small motors,

Fig. 173.—Set of Miniature
Exploring Lamps.

Fig. 174.—Lamp for Using
Reflected Light.

etc., is made by the Wappler Electric Controller Company, of New
York, and is shown in figure 175. This apparatus is devised to

carry the current for a no volt 16 candle-power incandescent lamp.

In the derived current from the two binding posts a current of 80

volts and 1^2 ampere can be obtained, and while the voltage can be

reduced by steps of ^3 of a volt to zero, the amperage will remain

the same. As a light-regulating device, not only for exploring

lamps, but also for use in hospital wards, sick-rooms, or wherever it

becomes necessary to lower a light without completely extinguish-

ing it, its action is unsurpassed.

Lamps for diagnostic purposes are mounted in different ways,

depending upon the use to which they are to be put. An example
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Fig. 175.—The Wappler Elec-

tric Controller.

Fig. 176.

Fig. 177. Fig. 178.
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of a lamp mounted for general utility, is shown in figure 176. The
ebony handle in which the lamp is mounted is supplied with a spring

switch for the control of the light. A cap with a magnifying lens

is arranged to slip over the lamp, and thereby the light may be

focused.

Illuminating lamps are rapidly displacing the older form of

reflected illumination. Figure 177 shows a forehead lamp which

is used instead of the concave head-mirror reflector.

In all those forms of diagnostic instruments, such as ophthal-

moscopes, laryngoscopes, etc., where reflected light was formerly

used, the diagnostic lamp is now substituted, and forms an integral

part of the instrument. An example is illustrated in figure 178,

which shows an auriscope in which the lamp is embodied in the in-

strument in such a way that the field under observation is fully

illuminated.

The manufacturers' ingenuity apparently is unlimited, and the

diagnostic lamp is daily being added to the physician's armamen-

tarium in the most unexpected ways.

The Leduc Current.

The various apparatus which have been used to produce the so-

called faradic current were dependent upon an induction coil in

which the induced current was caused by the rapid interruptions

of the current in the primary coil. The difficulty in regulating the

number of interruptions as well as measuring the strength of current

in the induced coil, led Dr. S. L. Leduc of Nantes, to experiment

with the interrupted currents by introducing a mechanical inter-

rupter into the circuit of a primary coil. The interrupter which he

devised consisted of a revolving core upon which a system of

brushes caused interruptions. The core was made up of a number

of individual metal pieces insulated and so devised that the duration

of the flow of current could be regulated by the approximation or

separation of the brush. The core was made to revolve by a motor

and this motor in turn controlled by a rheostat so that the number of

interruptions would be directly proportional to the number of the

revolutions of the core. By means of this apparatus one is able

not only to regulate the number of interruptions per minute, which is

accomplished by a timer, but also to regulate the duration of the

flow of current. If this interrupter then is placed in the circuit of a
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direct current, we are able to derive an interrupted current of greater

or less frequency and of unknown voltage.

The apparatus is so delicately constructed that the interval of

current flow can be regulated so as to allow the current to flow for

one-thousandth part of a second and to be quiescent nine-thousandth

part of a second. When the apparatus is so regulated as to cause

one hundred interruptions per second, with the current flow one

one-thousandth of a second, then the best results of this current are

produced. The effects of the current are very similar to those of

the faradic current with the exception that the sensory effects are

diminished and the tetanizing effects become painless.

There is no question that from the scientific point of view the

Leduc interrupter is very advantageous because it gives precision

and a knowledge not only of the number of interruptions and the

duration of the current flow, but also of the electromotive force used

at each impulse. It is only a question of time that the Leduc

apparatus will supplement the present faradic coil; at the same time

it is not yet in general use. The rapidity of the interruptions of

the Leduc current has led some authors to speak of it as a high

frequency of low potential, but we consider this a misnomer, because

it will tend to cause confusion between this current and the so-called

high frequency current.

In some forms of induction apparatus where a tuning attachment

is used in order to raise the pitch of the vibrator and thereby in-

crease the frequency of interruptions, we have practically a Leduc

current but it falls short in so far as the number of vibrations cannot

be measured and the duration of the current flow cannot be regulated.

The apparatus shown in figure 179 is devised for furnishing a

true Leduc current. As can be seen it consists of a motor, which

is regulated by a controller. There is a "break wheel" with an

adjustable brush to vary the duration of the current and a speed

regulator modifies the rate of speed of the motor, from five hundred

to four thousand revolutions. In addition there is a voltage con-

troller, a voltmeter, a series rheostat, a pole changer and a milli-

amperemeter.

An apparatus which can be readily attached in an ordinary gal-

vanic circuit has been devised, so that the Leduc current may be

obtainable with slight alteration of an older piece of apparatus.

Such interrupting device is shown in figure 180.

14
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The negative terminal of the galvanic current is connected with

the fixed terminal of the interrupter by means of a piece of short cable.

The active electrode is then connected by means of a conducting

cord to the movable terminal of the interrupter. As has been said,

this device can be inserted into any galvanic circuit provided it

Fig. i 79.—The Leduc Apparatus.

supplies a current of sufficient intensity and is governed by the proper

controllers.

If the Leduc current is used beyond certain limits of intensity,

some very objectionable electrolytic effects present themselves. In

order to eliminate this electrolysis, Nagelschmidt endeavored to

obtain a current which would possess the good qualities of the Leduc
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current and none of its objectionable features. In 191 2, he an-

nounced that he had succeeded in obtaining a pulsating alternating

faradic current which was similar to the Leduc current but in which

the interruptions were replaced by alternations. The effects that

Nagelschmidt describes are similar to those obtained by the Leduc

current.

A considerable confusion again seems to have crept in, in the

description and classification of these currents. Leduc avoids

calling his form of current a modification of the faradic, notwith-

standing that his current is characterized by rhythmic interruptions

and has many points of similarity to

the faradic current. On the other hand

,

the current which Nagelschmidt de-

scribes as "pulsating and alternating"

but uninterrupted, he terms faradic,

and it seems to us as though this be-

longs directly under the class of multiple

sinusoidal currents, differing only in the

nature of the alternations and the

rapidity with which they are produced.

When greater uniformity in nomencla-

ture is decided upon many currents

which seem new now will be found to

fit Under a Common Classification. FlG - 180.—Interrupting Device
for Leduc Current.

Sinusoidal Currents.

We have stated previously that a sinusoidal current consists of

an alternating uninterrupted electromotive force, in which the as-

cending and descending currents when plotted would represent the

curve of a sine. If this definition of a sinusoidal current is borne in

mind, then the recent development of this form of electromotive

force will become more clear.

The sinusoidal current differs from the faradic current, first,

inasmuch as the current is continuous and uninterrupted, and

second, because the potential is varying. In order to obtain such a

modification of electromotive force, various forms of devices have

been used, and, although the principle of these devices may differ,

the resultant current is always the same and varies only in the number

of alternations produced and in the intensity of the current supplied.
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The simplest and most common form of sinusoidal current is

that which is derived from the dynamo. The dynamo currents

represent a sinusoidal wave with rapid alternations. In the course

of investigation it was found that at times such rapid alternations

were undesirable and therefore a motor and rheostat were intro-

duced into the circuit of a constant current in such a way that

a sinusoidal current with from two to ten alternations per second

could be derived. This is the form of current that is most usually

applied therapeutically and is the one which is in most universal use.

As a further development, a combination of the dynamo and the

secondary sinusoidal current has been developed by introducing the

motor and rheostat apparatus into the circuit of a current derived

from a dynamo. As will be readily seen this double or multiple

sinusoidal current consists of two current waves: the first current

Fig. 181.

wave is the sinusoidal current of rapid alternations and short cycles,

and the second form consists of slow alternations with long cycles.

Schematically the diagram (Fig. 181) will explain just how such a

current would appear if plotted.

The chief advantage of the use of a sinusoidal current lies in the

fact that polar action is practically eliminated, and with the elimina-

tion of polar action the sensory effects become practically negligible.

It therefore can readily be seen that in those instances where cur-

rents of great intensity are desirable, the constant galvanic current

cannot be used on account of its intense polar action, and the inter-

rupted faradic current must be avoided on account of the pain

produced. In these cases the same effects can be accomplished by

means of the sinusoidal current, and muscular contractions can be

obtained with little or no discomfort. For practical purposes the

multiple sinusoidal current if properly regulated, is the most desirable.
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But as stated the apparatus required for the production of this form

of current is more complicated than is needed for the production of

the simple sinusoidal current. Such an apparatus is portrayed in

the accompanying illustration, figure 182. Other apparatus which

combines the various forms of sinusoidal currents may be seen in

the two following illustrations.

Fig. 182.—Apparatus for the Production of a True Sinusoidal Current. In this
apparatus the current passes through a revolving coil which is so wound that when it

revolves, successive turns are thrown into, and out of the circuit, and a sinusoidal
current, recorded on the milliamperemeter, is delivered at the terminals. The coil is

revolved by a motor, the speed of which is controlled by a rheostat.

Figure 183 represents a universal apparatus. This universal

apparatus is operated primarily by the alternating current which

is changed to the direct current by means of a large dynamo, which

gives an approximate voltage of no. It supplies the continuous and
interrupted galvanic current; primary and interrupted primary

faradic; the secondary faradic (low, medium and high tension); the

interrupted secondary faradic; the galvano-faradic, constant and
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interrupted; the rapid sinusoidal and its interrupted form; and also

currents for illumination and cautery and compressed air.

A more elaborate universal apparatus is shown in the Multostat.

figure 184. The Multostat furnishes various currents, galvanic,

sinusoidal-faradic, galvano-sinusoidal faradic, light and cautery,

besides electric power for various purposes. It is a transformer,

Fig. 183.—Universal Apparatus.

transforming the high voltage and low amperage of the street main to

a low voltage and high amperage. The circuit is made "earth-free"

by a device whereby the motor transformer is wound as a dynamo,

so that the latter is the source of the electrification. The galvanic

current of the apparatus is made to supply true galvanism by the

use of Eulenburg's condenser connected with the galvanic terminals.
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The forms of galvanism supplied include electrolysis, cataphoresis,

ionic medication and the Leduc (intermittent-continuous) anes-

thesia. The Multostat does away almost entirely with the faradic

coil, as the interruptions produced by the sinusoidal current may be

made to correspond to the faradic currents; a special rheostat, how-

The Multostat.

ever, is required for regulating the sinusoidal current. In like man-
ner the galvanic and sinusoidal currents may be made to supply

galvano-faradisation.

Before leaving the subject of sinusoidal currents it is well to call

to mind the great confusion of terms that has crept into use since

the production of this form of current. We have advisedly referred
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to simple and multiple sinusoidal currents. Other authors have re-

ferred to the multiple sinusoidal currents as multiplex or polyphase

currents. Then again the sinusoidal current has been rendered more

complicated by introducing a faradic or galvanic element coincident

with the alternations. With all of these additions the good effects

of the simple and multiple sinusoidal currents have been impaired

Fig. 185. :t Current.

and we feel that it is much more desirable to use the sinusoidal cur-

rents as purely as they can be derived; and if galvanic and faradic

effects are desirable, then to use them primarily without any altera-

tion of their form of electromotive force.

The simple sinusoidal current derived from the dynamo must

be applied with large electrodes which cover a large portion of the skin,

because the rapid alternations do produce some polar and sensory
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effects and the high intensity of the current will give rise to undesir-

able reactions. For this reason the currents derived from the dynamo
have been practically limited to the use of electric baths. By means

of the bath the entire surface of the skin of the body becomes an

electrode and no undesirable effects are produced. In all other

forms of electrotherapeutics it is well therefore to use the modified

simple sinusoidal or the multiple sinusoidal currents.

The alternating current is seldom used in direct electrotherapy,

except when made to assume the sinusoidal form. But an alter-

nating current galvanic battery, with a motor generator for the

conversion of the alternating current into a direct one, has been

devised for electrolysis. Such a battery in portable form is shown in

figure 185.

Apparatus for Hydro-electric Baths.

Galvanic and faradic currents may also be conducted to the

human body by means of a bath. The patient is immersed in

water, to a greater or less extent, and the water, which is in direct

contact with the body, constitutes the electrode by which the cur-

rent is applied. Two methods of arranging such baths must be

differentiated, the monopolar and the dipolar.

In a monopolar bath, the wall of the metal tub is utilized as a

large electrode. The current entering here is conducted to the

entire surface of the body that is in contact with the water, and

passes out by means of an iron bar covered with wet chamois skin,

which is grasped in the hands. The metal tub should have a per-

forated wooden fining, so that the body of the" patient will not

directly touch the metal. Better still would be the use of a wooden

tub, with a large plate electrode entering it. There is, however,

one objection attached to this form of bath, no matter of what

material the tub is made—namely, that the grasping of the metal

bar concentrates so much of the current upon the hands that a severe

contraction of all the muscles of the hands and arms takes place,

while the current that is spread over the remainder of the body is

hardly perceived. The metal bar, therefore, should be discarded, and

in its stead a large metal electrode of about 400 square centimeters

surface, whose edges are covered by a rubber pillow filled with

water, should be so placed in the bath that the patient can lie upon

it without coming in contact with the metal.
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Eulenburg, in the use of the galvanic current water-bath, differ-

entiates the kathodal and anodal baths: in the former the water

constitutes the negative, in the latter the positive, pole.

In the dipolar bath the body of the patient does not come in

contact with either of the electrodes, but these are immersed in

the water, one at each end of the tub. The number of such elec-

trodes may be increased, and in such case they are so placed in the

Fig. i 86.—Simple Form of Electric Bath-tub.

sides of the tub that they are covered by the water but cannot come

directly into contact with the patient.

The source of current supply may be either a battery or a central

station; if a battery, it may be placed at any distance from the tub.

The apparatus for current control should be placed in the bath-

room itself, and should be the same as other controllers used for cur-

rent application. Such an electric bath-tub of very simple form,

as made by Hirschmann, is shown, with its various accessories, in

figure 186. In recent years the sinusoidal current (q. v.) has been

used extensively for hydroelectric treatment.
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Combination and Universal Apparatus.

It has been customary from the earliest times to associate dif-

ferent electrical circuits in a common apparatus. Many years ago

expensive cabinets were in use which delivered only galvanic-

—

constant and interrupted—and faradic currents. The large size

of these cabinets was then due to the great number of galvanic cells.

Wall plates and portable outfits were also in common use.

At that period static effects could be secured only by a special,

costly and bulky apparatus. Special batteries were required for

galvanocaustic work.

The rapid development of electrophysics caused a revolution in

apparatus, and new and more intricate forms of combinations be-

came more and more indispensable. Attempts now have been made
to combine nearly all, if not quite all, of the modalities, old and new,

into a single apparatus. While within certain limits combinations

are advisable, a reaction will undoubtedly set in in favor of sepa-

rate pieces of apparatus for special work, and a combined apparatus

will be used only for a combination of such circuits as will lend

themselves naturally to this arrangement.

The evolution in electrophysics is responsible for the applica-

tion of central station currents, and this has very largely done away
with chemically generated electricity and with the cumbrous cells

required for the purpose.

Static machines can be driven by motors and with certain

attachments can be made to deliver the Morton currents, the high

frequency currents and the X-rays. At the present time, how-

ever, many makers of apparatus seem to have discontinued their

manufacture.

The alternating current has been found to possess therapeutic

properties; since in New York the direct central current is in use,

various apparatus is required to change it to the alternating type.

When the central current is an alternating one the reverse is true.

For this reason, and also for the elimination of the ground circuit,

the modern cabinet must be provided with motor generators, dy-

namos, converters, etc., in order to supply the various currents.

The high frequency current is usually derived from a large high

tension coil which is a development of the faradic coil. The closed

magnetic circuit also enters into the construction of the dynamo.

Hence it came about naturally that magnetic circuits could be util-
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ized not only as ordinary converters but also for high frequency

circuits. In the.genesis of the latter, the condensers and spark gap

of the static machine are also utilized and oscillatory effects are

thus produced.

The wisdom of deriving all high frequency from a combination

apparatus of this character is doubtful. The high frequency cur-

rent is itself undergoing evolution, particularly as regards the devel-

opment of the heating effects. Certain portions of this apparatus,

like the resonator and the large solenoid are necessarily bulky,

and the auxiliary attachments, such as the auto-condensation chair,

also require a great deal of space. A separate installation is there-

fore most advisable, even if not absolutely necessary.

The same will doubtless be true of the X-ray apparatus because

the new gasless tubes which promise to revolutionize X-ray therapy,

will doubtless be used with individual installations. The ultra-

violet rays and possibly the Leduc current also functionate better

under individual installation.

As an example of the workings of a highly complex apparatus,

and the methods of delivering a large number of special therapeutic

currents, the following brief outline of a Campbell machine is given

with an accompanying diagram.

The foundation is a closed magnetic circuit of the core type,

consisting of two "legs" and the end pieces. A wire through which

an alternating street current is passing is wound about the primary

leg as follows:

Beginning with a short winding at the lower end, the wire is

carried straight to the upper end where a second winding duplicates

the first. The wire then passes to the intermediate space and forms

a number of coils which are connected with the primary regulator.

The wire now leaves the primary coil through a separate post close

to the first. The coils at the two extremities of the leg energize

the circuit while the intermediate coil has a choke effect and gives

a low tension current. The sinusoidal current is obtained by a de-

tached winding about the primary leg (no special motor), while

another individual winding furnishes the cautery current. The

secondary "leg" is tightly wound with its own wire, so that a high

tension current results. The two polar wires, between which lies

a spark gap, are continued until they end in a condenser. The
superior end of the winding passes through a Tesla primary winding
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Fig. 187.—Diagram of Wiring Campbell Universal Machine.



22 2 APPARATUS FOR ALTERING ELECTROMOTIVE FORCE

on its way to the condenser; and the inferior end passes directly

to the latter. Connected with the condenser is a frequency regulator.

The primary Tesla coil is connected with the secondary winding

by a wire. Other wires from the ends of the secondary pass through

another spark gap.

The primary Tesla winding, with its own spark gap, transmits

the charges and discharges of the condenser and the alternating cir-

cuit is transformed to a high frequency oscillating circuit.

Fig. i 88.—Suit-case Portable Universal Apparatus.

The secondary Tesla winding furnishes the various therapeutic

currents, either through the spark gap, or directly from a portion

of the winding. Thus a d'Arsonval circuit is derived from the wind-

ing and from the conducting wire of the Tesla circuit.

Many makers add X-ray attachments to their universal appara-

tus, and in general such attachments have had much to do with the
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evolution of such apparatus, which can also readily be fitted to

static machines. A very natural but restricted combination is

that of X-rays and high frequency, since both are operated by means
of high tension coils or transformers. A well-known apparatus

made by Siemens and Halske comprises diathermia and d'Arsonval

circuits and an X-ray outfit. Combinations of the latter with other

modalities are discussed in part under X-rays.

Fig. it Multistat in Cabinet.

A portable universal apparatus is furnished in the form of a suit

case and is shown in figure 188. It contains two ^esla coils and dif-

fers in no essential respects from larger cabinets. It has an X-ray

attachment and delivers high frequency, sinusoidal, light, cautery

and other currents.

In addition to universal and near universal machines, all manu-

facturers furnish apparatus which deliver galvanic, faradic and

sinusoidal currents and their modifications. In apparatus of this
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type the ground circuit is eliminated by allowing the direct street

current to drive the motor while a special dynamo furnishes the

therapeutic currents. Ihe galvanic current is used for electro-

lysis and ionization, cautery and illumination. The faradic current,

generated by a high tension coil may be also combined with the gal-

vanic. When the sinusoidal current is supplied, a small motor

generator is attached (see Fig. 184). This apparatus, which is

Fig. 190.—Pantostat.

called a Multostat, generates a ground-free galvanic current and spe-

cial currents for electrolysis and cataphoresis, a pulsating faradic

current, a combined galvanic and pulsating faradic current, and cur-

rents for lighting diagnostic lamps and heating cautery knives.

An apparatus of the same type is put up in cabinet form and is

shown in figure 189.

In all apparatuses of this, or similiar type, the possibility of a
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ground circuit is eliminated because the street current is used only

to drive the motor; and the motor drives a separate dynamo which

generates the various therapeutic currents.

Another such apparatus is shown in figure 190 and is called a

pantostat.

Fig. 191.—Faradic-sinusoidal Apparatus.

An unusual and excellent combination apparatus is found in

the Faradic-sinusoidal apparatus (see Fig. 191).

This apparatus delivers a slow surging sinusoidal current from

a high tension faradic coil which is fitted with an adjustable singing

ribbon interrupter. The number of interruptions may be varied

from fifteen to twenty thousand per minute.

15
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Wall Plates.

It is often inconvenient to have the electrotherapeutic apparatus

mounted on a table, and therefore many simple and combined forms

of apparatus are mounted in the form of a cabinet so as to be placed

upright against, or attached to the wall. These cabinets are called

wall plates. Practically there is no difference between wall plates

and other forms of apparatus. The main advantage of a wall plate

lies in the economy of space; the disadvantage lies in the fact that it

Fig. 192.—Wall Plate Combination Apparatus.

is stationary and cannot readily be moved about. Most of the

manufacturers that make the horizontal plate make the wall plate.

A wall plate combination apparatus is shown in figure 198.

This apparatus is arranged to be operated by a direct curent, and

supplies the galvanic, faradic, galvano-faradic and sinusoidal cur-

rents, as well as separate circuits for cautery and illumination. As
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will be seen the faradic element is an Engelmann high tension coil, and

a small motor generator for the sinusoidal current is mounted next

to the milliamperemeter.

Other wall plates have different cabinet work so that the ap-

paratus is exposed either by a sliding or swinging door. There

should always be some device by which the current is discontinued

when the cabinet is closed.

Ultra-violet Rays.

Although phototherapy does not properly belong to the sub-

ject of electrotherapy, still the apparatus for producing actinic

rays is so closely allied to electrotherapeutic apparatus, that the

description of it here will not be out of place.

The ultra-violet rays have been obtained from a number of dif-

ferent sources. Originally the rays of "high" or "noon" sunlight

were utilized. In order to obtain the ultra-violet rays from the

solar rays, a system of rock crystal lenses was interposed, and acted

as a filter for the heat rays, so that only the actinic rays could pass.

It was on this principle that the original Finsen lamp was devised.

The difficulty of obtaining solar rays under all circumstances was

overcome by the introduction of an artificial source of light. This

artificial source of light was variously obtained, either from the gal-

vanic arc, or from the sparks of condenser discharges, or from the mer-

cury vapor lamp, in which the vapor was heated to incandescence

by the passage of a galvanic current through it.

The modified Finsen lamp therefore, makes use of an arc light

instead of the solar rays. Such a lamp is shown in figure 199.

From the illustration it will be seen that the apparatus consists of

an arc light system combined with a telescopic arrangement. The
carbons of the arc light are fed mechanically, and are activated by
either a continuous or alternating current, and require about 25

amperes, irrespective of voltage. The telescope is used for concen-

tration of the rays, and contains two systems of rock crystal lenses

which are permeable only to the ultra-violet rays. The absorption

of the heat rays by the lenses causes the apparatus to become hot,

and for this reason a cooling system also has been introduced.

The fact that the Finsen lamp has now been superseded, is due

to the discovery of Keuch, by means of which he was able to work

molten quartz. The principle of the new lamps depends upon
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a mercury vapor tube, whose walls are made of fused quartz.

The most successful of these lamps is the Kromayer lamp, which

is portrayed in Fig. 194. The tube containing the mercury vapor

Fig. 193.—Finsen-Rehn Lamp.

is U-shaped, and is made of fused quartz. By this arrangement

the wall of the tube allow only the ultra-violet rays to pass through

it, and on account of the great resistance that quartz offers to heat,

the mercury vapor may be raised to a very high temperature, so
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that the quality of the rays emitted by the incandescent mercury

vapor is increased to a remarkable extent. Here also a cooling

system had to be introduced. A water jacket
J
which circulates

Fig. 194.—Kromayer Lamp.

around the lamp, keeps down the temperature. Switches and
current controllers are of course necessary for the regulation of the

lamp.
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The mercury vapor lamp itself, is of course the well-known

invention of Cooper Hewitt, of New York. When mercury vapor

is heated to incandescence, in a vacuum, by a galvanic current of

A

T Fig. 195.—Universal Apparatus, with Attachment for Ultra-violet Lamp.

certain amperage, the hot vapor gives the highest known percentage

of actinic rays, and therefore has been extensively used for illum-

ination, photography, etc.

\
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1

It is of course perfectly practicable to place an ultra-violet

lamp in the condenser circuit of a high frequency machine specially

devised for this purpose. Some forms of universal apparatus

include also an arrangement for producing the ultra-violet rays.

Such an apparatus is shown in figure 195.. Here an ultra-violet

lamp can be introduced into a circuit specially arranged for it. This

independent circuit connects the condensers, and when the lamp is

attached, a high potential arc is set up by the discharge of the con-

densers across the metal electrodes of the"lamp. By this means ultra-

violet radiations of great intensity can be produced.

The chief use of the ultra-violet rays is in skin diseases.



CHAPTER VI

APPARATUS FOR ALTERING ELECTROMOTIVE
FORCE

. (Continued)

High Frequency Current. Rumpf's Oscillatory Current.

High Frequency Currents.—The form of electromotive force,

known as high frequency currents, was introduced into therapeutics

early in the nineties of the last century, and underwent an intensive

evolution which seems to have reached its height late in the first

decade of the present century. At about that time, the many
monographs that appeared gave the impression that the future uses

of the high frequency currents were unlimited, and that this progress-

iveness must continue indefinitely. Looking at the subject from

the viewpoint of our present-day knowledge, however, we cannot

fail to see that much was fantastic, and that the subject at that

time was in its most sensational stage. There seemed then appar-

ently to be no limit to the construction of apparatus. Special parts,

current sources, combinations with other apparatus, theoretical con-

siderations, and discussions of therapeutic indications were suggested

in profusion.

Still it would not be fair to state that a reaction has set in. But

our knowledge of the indications of the high frequency currents has

become crystallized, and the genesis of the desired currents can

be readily effected by means of individual installations, or through

the numerous universal machines. A survey of the literature on this

subject for the past five or six years will show, that, with the excep-

tion of diathermic apparatus, but little appears on this subject.

High Frequency Apparatus.—In order to understand the various

pieces of apparatus which have been devised for the generation of

high frequency currents, it is necessary to recapitulate some of the

phenomena already mentioned. It will be remembered that the

static circuit under certain circumstances produces a current of

rapid alternations. In order to produce constant and continuous

effects, however, it was necessary to introduce into the static circuit

232
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a constant source of electricity in the form of a high tension spark

coil, such as the Ruhmkorff coil, capable of giving a spark of fifteen to

twenty-five centimeters in length. The current was conducted to the

inner armatures of the two Leyden jars, and the external armatures

were connected by a solenoid. When the ends of the conductors of

the jars were approximated sufficiently close to allow a spark to jump,

then an oscillatory discharge traversed the solenoid. The elec-

tromotive force of the oscillatory current, known as the Oudin current,

varied directly with the number of windings of the solenoid. As we
have already stated a second

ML
CURRENT IMLET

m LEYDEN JBR
7^
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solenoid could be activated by

the first, and a coarse wire coil

could be made to cause induc-

tion in a coil of fine wire by the

phenomenon of resonance. This

circuit is known by the name of

its discoverer d'Arsonval. Fig-

ure 196 shows diagrammatically

how the Oudin and d'Arsonval

currents may be derived.

On account of the cumber-

some working of the static circuit

the street current is now used to

activate the Ruhmkorff coil and

thus the jars or condensers are

continuously charged and dis-

charged.

The further development of

the high frequency apparatus is

shown in figure 197. This is a simple form of high frequency ap-

paratus and consists of an upright coil of fine wire, known as the

resonator, and condenser plates. The resonator is fed by a coil

of heavy wire and becomes the seat of rapid oscillations which

are increased in number and intensity by the spark gap and the

condensers.

The apparatus which is now in use is very much more compli-

cated and of course reaches a higher state of efficiency. The main

modifications of practical importance consist first in the addition

of a mechanical interrupter, which is usually driven by a motor.

Fig.

D'BRSOMVAL TO PBTIENT

196.—Diagram for Obtaining a High
Frequency Current.
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This is sometimes done away with when an alternating current

from the main is used, and is generally more applicable to the

smaller forms of portable apparatus.

In addition to the mechanical interrupter, various modifications

in the form of the condenser are used. Foil plate condensers and

Fig. 197.—Unipolar High Frequency Apparatus.

oil immersion condensers are substituted for the Leyden jars. They

are more compact and of a higher degree of efficiency. The Oudin

resonator is also embodied in the apparatus and it is attached to

the solenoid. The arrangement can be better understood by refer-

ring to the diagram (Fig. 198).
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A Milleamperemeter.

B Multiple-adjustable Spark Gap.

C Leyden Jars.

D Switch for d'Arsonval Current, Auto-condensation.

E Rheostat for D.

F Connection for Glass Vacuum Electrodes, X-ray Tube.

G Connection for X-ray Tube and Spark Indicator.

H Spark Gap for X-ray and Vacuum Electrodes.

J Intensifier for X-ray.

K Switch for X-ray Current and Electrode Current.

L Alternating Current Control.

M Fuses.

X Step-up Switch.

O Starting Rheostat for Rotary Convertor, Direct Current Only.

P Direct Current Control.

Q Rotary Converter.

R d'Arsonval Spiral.

Fig. 108.—Diagram of High Frequency Apparatus. (Van Houten C* Ten Broeck.)
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The same apparatus is shown in figure 199 encased in a cabinet,

so that little of its component parts may be seen. The visible

terminals consist of the terminals from the ends of the solenoid and
x the terminal of the resonator. In all apparatus of this description

care should be taken that the patient is thoroughly protected from

Fig. 199.—High Frequency Apparatus.

any short circuit that might connect him with the main. These

precautions are usually considered by the manufacturer and the

apparatus that comes into the practitioner's hands is so safeguarded

that all danger is eliminated.

Electrodes.—The various attachments and electrodes for the

application of the high frequency currents are so devised that the
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applications may be general or local. For general applications large

flexible plates, condensation pads, condensation couches and conden-

sation chairs are furnished. The metal plates must be made of some

metal that can be readily bent to conform to the shape of any part

of the body in order to form a contact. As we are dealing with

currents of large magnitude the skin contact must be good or else

undesirable local effects will be manifest. If the electrode is so shaped

as to] give a good skin contact no further precaution is necessary.

If, however, any doubt exists then it is well to moisten the metal

plates.

Fig. 200.—Chair Pad for Auto-condensation.

The so-called condensation electrodes consist of large sheets of

metal, either tin or zinc, insulated by means of some protective cover-

ing, sufficiently thick to prevent a current of large intensity from jump-

ing through it. These condensation electrodes may form the back

and seat of a chair, or the top covering of a couch (see Figs. 200 and

201). They may even be so arranged, by means of hinges, as to form

a covering for any ordinary chair or couch. In some instances the

metal sheets may be entirely uninsulated and a cushion or mattress

placed on top of them act as a sufficient insulating covering.

In addition to these electrodes a large solenoid is sometines used.

This consists of a solenoid of coarse wire sufficiently large so that it
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can be placed over the entire body of a patient whether standing

or sitting. Sometimes the solenoid is so arranged that it can be

placed around the couch on which the patient reclines.

The electrodes for local treatment are so arranged that either a

spark or a brush in the form of an effluve can be directed as desired.

For this purpose smaller electrodes made either of metal or glass are

used. All such electrodes must be furnished with an insulating han-

dle. The metal electrodes give greater intensity of sparks and are used

mostly where local or skin effects are desired. The glass electrodes

consist of large glass tubes containing some conductor. Some
manufacturers have made use of fluids within the tubes but now the

most generally recognized glass electrode consists of a tube in which

Fig. 201.—Couch Pad for Auto-condensation.

a high degree vacuum acts as the conductor. The current is con-

ducted within the tube by means of wires fused into the end of the

tube and having an external and internal contact. The vacuum

tubes take on the violescent shade when the current is flowing and

either the spark or effluve varying with the strength of the current

may be drawn from any portion of the tube. The tubes are of va-

rious shapes and designs depending on the part of the body or ori-

fice to which they are to be applied. The accompanying illustration

will give a more accurate idea of the necessary electrodes (see Fig. 202).

Applications.

The general application of a high frequency current may be made
to act upon a subject in three different ways:
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i. The Direct Application.—The direct application is made by
shunting the current through the body of the patient. For this

#45

Fig. 202.—Diagrammatic Illustration of High Frequency Electrodes.

purpose the large metal electrodes are placed in direct contact with

the skin and connected with the different binding posts of the
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solenoid. Instead of the plate electrode a metal cylinder may be used

by allowing the subject to hold one in each hand.

2. Auto-conduction.—For the production of auto-conduction the

patient is placed within a large solenoid that is connected with the

binding posts attached to the external armatures of the condensers.

As the high frequency current passes through the various loops of

the solenoid, a current is set up within the body by condensation.

The patient in this position can demonstrate the current which

is passing through him by holding in his hand an incandescent lamp

so devised that the two terminals of the film are individually ex-

posed, so that separate contact can be made. When the current is

flowing the film will become incandescent. Care should be taken

that the patient at no times comes in contact with any loops of the

solenoid.

3. Condensation.—The subject is passed upon a condenser pad

which is connected to one end of the solenoid. Two metal cylin-

drical handles are connected with the other end of the solenoid

and grasped by the subject, one in each hand. The subject's body

then represents one armature of a condenser, the insulating cover-

ing of the condenser pad (or mattress) is the dielectric, and the metal

sheet within the condenser pad is the other armature. This same

application can be made by eliminating the hand electrodes.

In this case the other terminal of the solenoid may be grounded and

the subject also grounded.

Precautions.—In all three methods of application just enumerated,

care must be taken lhat none of the wires which run from the ap-

paratus to the electrodes shall come in contact with the subject.

In the direct application careful contact of the electrodes must be

observed.

In auto-conduction and condensation care should be taken that no

metal parts come in contact with the subject.

Local Applications.—Local applications may be made by means

of the metal or glass electrodes and the methods used are similar

to those as employed in the application of the Franklinic currents.

For local applications the electrodes must be connected with the

terminal of the resonator. If the metal electrode is used care must be

observed that the electrode is held sufficiently far away to avoid

sparking and sufficiently close to obtain the brush or effluve discharge.

These precautions are necessary in a measure, when glass elec-
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trodes are used but a little sparking from the glass electrode is not

so apt to cause the irritating skin effects.

It must be remembered that in all high frequency applications

from 100 to 500 milliamperes of current are used and for this reason

it is desirable often to know the current intensity. In order to

ascertain this a milliamperemeter is inserted into the circuit. This

milliamperemeter is of the hot wire variety and is inserted so as to

be between the condenser and the patient.

It is often very difficult to prevent the spark from jumping from

an electrode to the skin of a patient. The spark is always the cause

of greater or less pain and in consequence startles and distracts the

patient often to such an extent that it becomes imposssible properly

to apply the current. In order to avoid this spark several operators

have not allowed the current to flow until the electrode was in contact

with the skin, and likewise the current was discontinued before the

electrode was removed. This however, is irksome because it requires

either the services of an assistant or the added complication of a

foot switch must be introduced.

For this reason operators have attained the same result by
grounding the current through their body before the electrode

was applied to the skin of the subject. This was done by placing

the thumb in contact with one of the metal portions of the elec-

trode and thus allowing the current to pass through the operator's

body to the ground. After the electrode was placed in position

the thumb is withdrawn and the current then passes directly into

the subject.

The objection to this method lies in the fact that the operator

often receives bad burns when the sparks jump between the metal

and his thumb at either the make or break of the current.

Various devices have been used to simplify this condition and

we ourselves have found that the easiest way is to cover the thumb

with a piece of metal foil or a piece of metal bent so as to be in good

contact with the skin of the thumb. This method although crude,

obviates the necessity of a special electrode handle.

There have been various devices arranged for preventing the

sudden initial shock of the current and these attachments are called

exciters. The exciter that is the simplest and seems to give the

best satisfaction is one which is described by Bisserie and a diagram

of its working parts may be seen in Fig. 203.

16
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The principle of this exciter rests on the fact that the handle is

divided into a metal portion and an ebonite portion. The ebonite

portion separates the electrode from the metal portion and isolates

them from each other. The metal bar, so arranged that it may con-

nect the two metal portions of the exciter, is mounted upon the handle

and slides forward and back. When it is moved forward it comes into

contact with a ball and thus forms a direct path from the front portion

of the exciter to the rear metal handle. When the bar is slid back,

the conducting path is broken and the exciter becomes an ordinary

insulating handle.

In the diagram the anterior portion, (a) is a metal screw thread

held in a metal shank, to which a metal eyelet is attached for the

reception of the conducting cord. Mounted on this shank is a metal

ball (b), the ebonite portion (e) of the handle isolates the metal

end (/") from the middle shank. The bar (c) which terminates in

JL D, C G H G

J
Fig. 203.

a point (d) is so mounted that it slides forward and back between the

blocks (g), a thumb piece (h) is placed upon the bar and corrugated

so as to give the thumb of the operator a purchase.

It will therefore be seen that when the hand of the operator

grasps the handle of the exciter, the metal end (/) of the handle lies

within the palm of the hand. The thumb then naturally falls in

place on the thumb piece and by a forward or backward motion of

the thumb brings the point of the bar and the ball into approxi-

mation. It likewise is manifest that when the point and the ball

are in contact a continuous conducting path from the shank of the

exciter passes through the ball to the bar, thence through the metal

handle, through the hand of the operator to the ground. By drawr

ing the thumb piece back this conducting path is broken by the air

space which will then lie between the point and the ball.

The method of operating this exciter is very simple. The exciter

is connected with the high frequency generator by means of a con-

ducting cord attached to the metal eyelet at the bottom of the metal

shank. The exciter is firmly grasped in the hand and with the point
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and ball in close approximation a current is allowed to flow. In

this position the current passes through the conducting cord to the

hand of the operator and is grounded. The electrode which is

attached to the screw thread at the end of the shank may then be

placed on the subject's body without a spark jumping from the elec-

trode to the surface of the skin. After the electrode is in position

the operator's thumb slowly withdraws the point from the ball and

the current gradually passes into the electrode and into the body

of the subject because the exciter then becomes an insulating handle.

The current can also be modified in accordance with the distance

that is allowed to exist between the point and the ball. If the gap

be not too great, a series of fine sparks will pass between the point

of the ball so that only a portion of the current will be flowing

through the electrode. As the point is withdrawn the sparks

that jump across the gap become longer until the gap becomes

so great that no more sparks will pass. When this position has

been attained then the full current will be passing from the end of

the electrode to the subject.

The use of this exciter is important because it gives the operator

full control of the current that is passing through the electrode at

all times and avoids all disagreeable sensations which are attendant

on the application of the high frequency current.

When the electrode is removed the procedure should be reversed

and the point should be gradually approximated to the ball until

a perfect contact exists and no more current is flowing through the

electrode.

In the exciters that are furnished by the manufacturers, the point

is generally in the form of an olive shaped tip, and therefore is

usually referred to as "the olive."

Rumpf's Oscillating Current.—A new modality of electricity

that belongs in the class of d'Arsonval currents was described first

by Rumpf in 1907. The current is derived by passing a direct

current from storage batteries or a lighting circuit through a large

Ruhmkorff induction coil. This apparatus has a spark gap of from

one to five centimeters in length as well as an interrupter in the pri-

mary circuit which is capable of interrupting the current sixty to

eighty times per second.

The point of difference between the Rumpf current and the or-

dinary high frequency current lies in the fact that a glass oscillator
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is introduced into the circuit and connected with the positive pole

of the secondary coil and an isolated condenser plate connected with

the negative pole. The oscillator consists of a thin flask of one and

a half meters, the interior of which is partly coated with staniol

paper. The positive pole of the secondary coil is connected with

this lining. The glass plate which is connected with the negative

pole has an area of about thirty square centimeters and its under

surface is also coated with staniol paper within a finger's breadth of

the outer margin and insulated from the floor by means of a thick glass

plate or hard rubber mat. The mode of application is by placing

the patient's feet upon the glass plate. When the current is allowed

to flow oscillating interruptions begin to flow through the patient's

body. This oscillating current contains the Tesla high frequency

current with oscillations of about a million a second, but in addition

to these, current shocks are produced by the opening and closing

of the direct current. These shocks are transferred to the subject

and seem to affect the nerves of the skin which are not affected by the

oscillations.

The physical phenomena of the high frequency current are

apparently slight, but in this new modality they have a marked

ozonating property. The uses of this Rumpf current are not as

yet fully determined, but it seems to have an effect in contracting

blood-vessels and causing an anaemia of the superficial circulation.

Rumpf himself characterizes the current as a " circulatory exer-

ciser." The therapeutic value is still to be determined.



CHAPTER VII

APPARATUS FOR ALTERING ELECTROMOTIVE FORCE
(Continued)

DIATHERMIA

Evolution. Principles. Diathermic Circuit. Apparatus. Physiologic

Action. Effects on Microorganisms. Application and Use of

Diathermia.

Evolution of Diathermia from High Frequency Currents.

The high frequency current, as obtained originally by d'Arsonval,

was the one that at first came into general use, and remained prac-

tically unchanged for a long time. With the increasing use of the

current, the apparatus for developing it became more efficient

and a sort of refined high frequency current, with modified secondary

modalities, was soon obtained.

At about this juncture, wireless telegraphy was being introduced

in a practicable form, and as a highly developed high frequency

current was necessary for its production, a new impetus was given

to the construction of high frequency apparatus, so that soon the

same apparatus that was used in wireless telegraphy was used, with

some modifications, in medical apparatus. The investigators soon

found that these refined high frequency currents were accompanied

by a production of heat entirely unprecedented. This newly dis-

covered heat production became known by the term diathermia.

Before going into the question of diathermia and diathermic

effects, it will be neccessary to examine in further detail the develop-

ment of the apparatus for its production.

In 1900 Duddel constructed an apparatus the essentials of which

consisted in the placing of a condenser and a solenoid in the circuit

of a direct current arc light. With this arrangement he found that

oscillations were produced in the solenoid. The development of

these oscillations in this closed circuit is more readily under-

stood if compared to its hydrodynamic analogue of the ripples

formed by throwing a pebble into still water. The oscillations which

245
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emanated from the solenoid, the same as the ripples which spring

from the impact of the pebble in the water, extend outward in all

directions, at first intense and gradually growing fainter and fainter.

These oscillations, however, were of no value either for wireless

telegraphy or in electrotherapeutics, because their frequency was

only from 30,000 to 40,000 per second.

Various attempts were made to increase the number of oscil-

lations but no one was successful until Poulsen found that by placing

the arc in a space filled with hydrogen he was able to increase the

rate of these oscillations fivefold, and these oscillations then became

continuous or were in other words, undamped. The hydrogen

housing around the arc acted as a cooling agent for the electrodes

because hydrogen is four times as good a conductor of heat as or-

dinary air. Later it was found that by substituting copper for the

carbon anode, and allowing alcohol to drop on the electrodes of the

arc, a further cooling was effected; and the oscillations could also be

intensified by inflating the arc by a disk of an electromagnet. All

these improvements in the Duddel circuit increased the diathermic

effects of the currents.

The modification of the arc, made by Poulsen, developed into

what is known as the Poulsen lamp and gave great promise. As a

therapeutic agent this lamp, however, was difficult of adjustment

and maintenance and attempts were made to simplify the. apparatus.

About this time another principle known as the "hissing spark"

was used in the construction of the most efficient wireless telegraph

instrument (telefunken apparatus).

The underlying principle of the hissing spark does not vary to

any extent from those just described. Here again the impulse

excitation of the oscillatory system is caused by spark discharges

and delivers undamped vibrations. It was found that the rapidity

of the damping varied directly in proportion to the size of the spark.

Therefore the smaller the spark the more rapid the damping, and

minute sparks were produced which died out after one or two oscilla-

tions. And such sparks were sufficient to produce a secondary in-

duced circuit, the oscillations of which were practically undamped.

Now if the ohm resistance of the secondary circuit is very slight, the

oscillations which are produced will persist for some time after those

in the primary circuit have ceased and will die away very slowly,

in marked contrast to the very rapid extinction of the oscillations in
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the primary circuit. The analogy of this phenomenon can be de-

monstrated by tuning forks. These minute sparks were termed by

the original German investigators as "Loesch" or "Abreiss" sparks

which means extinguished or quenched sparks, so named on account

of their peculiar hissing sound, which is similar to the hissing of hot

metal when plunged into water.

This hissing spark apparatus is adaptable for wireless telegraphy

but needs certain modifications for diathermia. The reason for

this lies in the fact that the human body is not a good conductor,

that it offers an enormous resistance to the currents, and that

it cannot be made to oscillate. The principle of this modified

diathermic circuit will be later described. But the modification in

no way affects the principles of the apparatus which underlie wireless

telegraphy because the hissing spark apparatus furnishes an excellent

high frequency current for therapeutic purposes with one million

secondary oscillations per second. The essentials of the spark gap

are low resistance and relatively low temperature. The electrodes

used are of copper and about 0.2 mm. apart, and the condenser dis-

charge is without pause or undamped. In the ordinary d'Arsonval

circuits we literally get only one hundred impulses per second and

these can be increased to one million by multiplying the number of

secondary sparks and the consequent number of primary oscillations

per second. This is actually what the hissing spark apparatus

accomplishes.

General Principles of Diathermic Apparatus.—If we remember

that diathermia is best obtained from a high frequency oscillatory

current that has been transformed from a direct, or from a low

frequency alternating current, it is easy to understand that a diather-

mia apparatus is in reality a transformer. To accomplish this

transformation of current, we may use either a spark gap apparatus

which can be activated only by an alternating current, or a Poulsen

arc light, which requires a direct current ; and in either case the final

high frequency current must produce at least one million oscillations

per second to be available for diathermia.

The oscillations of the primary circuit then set up similar oscilla-

tions through induction in the secondary circuit from which the

current is drawn for therapeutic purposes. If a spark gap apparatus

is used, the ordinary street current does not furnish a sufficiently

high potential to overcome the air resistance of the gap, and therefore
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a special high tension transformer is required to step up the voltage

to one or two thousand.

From this then it will be seen that (with the exception of a trans-

former or converter to obtain the necessary current) an apparatus

to furnish a diathermic current requires a step-up transformer, a

spark gap, and a condenser system in the primary circuit; and

primary and secondary solenoid, condensers, hot wire amperemeter

and electrodes in the secondary circuit.

Arc Light Apparatus.—Despite the alleged great superiority of the

hissing spark apparatus for diathermia, there are several makes on the

market which employ the arc light principle. The generator is an

arc formed between a copper and carbon pole. From an alcohol con-

tainer, spirit is dropped on the copper anode, where it evaporates

and leaves the arc surrounded with an atmosphere of gases which are

good heat conductors. The electrodes are therefore cooled by two

factors—evaporation and conduction. This makes it possible to

obtain high frequency oscillations. An electromagnet, fed by the

same constant current as the arc, inflates the latter, which behavior

supplements rapid heat conduction. The chief disadvantages of

such an apparatus are the instability of the electric arc and the

amount of detail necessary for its maintenance. As stated elsewhere

the output of thermic energy is small compared with that from the

hissing spark apparatus. In fact, the long struggle for supremacy

between the two types of apparatus for wireless use seems to have

been decided permanently against the arc light, and this is even

more true in regard to diathermia.

Diathermia Circuit.—The diathermic circuit can best be under-

stood if studied in the so-called "telefunken" type of apparatus. In

this type of apparatus the electric energy is transformed into either

radiant energy or heat. We have previously shown that, as the

waves in the primary circuit become smaller, the waves in the

secondary circuit increase, so that after a few oscillations in the

primary circuit, the total energy is transferred to the secondary

circuit, where the oscillations are but very slightly damped.

The transformation of energy takes place in the secondary

circuit. If the apparatus is used for the transmission of radio im-

pulses, as in wireless telegraphy, then the antennae are placed in the

secondary circuit, and offer but slight resistance to the waves, which

in consequence become undamped. This constitutes the transfor-
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mation into radiant energy. If, on the other hand, the human body,

instead of the antennse, is introduced into the secondary circuit, a

high resistance is substituted for a low resistance, and the oscillations

are damped to the highest degree, so that the induction impulses of

the secondary circuit are continuously being brought to a state of

equilibrium whereby the entire electric energy is transformed into

heat. From this it is manifest that diathermia represents an advance

over d'Arsonvalisation, because a greater number of impulses or

oscillations are made possible by the introduction of the hissing spark

apparatus.

The d'Arsonval circuit has but one hundred sparks or impulses

per second; its oscillations are highly damped with very long pauses.

It has an enormous tension, especially the unipolar circuit, while the

circuit strength is but a few hundred milliamperes.

In diathermia the number of impulses or sparks may reach

20,000 per second. The oscillations become greatly damped yet with

much shorter pauses. The tension is very low (ioo volts) and the

amperage high (two or three amperes)

.

The terms impulse, spark, oscillations, discharge, period, etc., are

used in a very confusing manner. In one sense they refer to finite

notions, readily measurable, while in the other they relate to more

or less hypothetical quantities. Thus we say that in each spark

discharge there are eighteen or twenty oscillations at most which

rapidly die out. We also state that in a d'Arsonval circuit there are

one hundred impulses per second, in other words, one hundred sparks

a second. But as there are sparks which last but Ko,ooo of a second,

we have to use some distinguishing term, such as secondary spark,

which is ^500 the duration of a primary spark. In a like manner we

may speak of secondary oscillations. The term secondary, however,

suggests a secondary current. Kowarschik calls the final impulse,

spark or oscillation, a period.

Diathermia Apparatus.—There are many forms of apparatus for

the production of diathermia, and at present most of the newer

high frequency machines are arranged so that a diathermic current

can be derived from them.

In the previous sections of this chapter we have tried to show the

various stages through which the investigators passed before the

present state of knowledge was reached. The chief investigator

who applied the diathermic current therapeutically was Nagel-
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schmidt of Vienna, and for this reason we will select for description

the apparatus that he has used and advocated.

As has already been stated, the oscillations produced by the

ordinary high frequency apparatus were not well sustained on ac-

count of the interval that necessarily elapsed between each spark

and its successor. Nagelschmidt found that if the oscillations could

be maintained at a constant degree of potential then the heating

effect of the high frequency current could be much enhanced. In

order to accomplish this he sought an apparatus that could furnish

sustained oscillations, and found it in the "telefunken" apparatus

of Siemens & Halske of Vienna, who then were perfecting the

"singing arc," as a substitute for the original spark gap, for wireless

telegraphy. The result was that Nagelschmidt had an apparatus

made for him which was then primarily intended to furnish a current

for diathermia. The apparatus is shown in figure 204.

It consists of a movable table which is surmounted by a large

closed cylindrical chest that contains both a transformer and the

two high frequency circuits. On an adjacent marble-topped table

are the switch for making and breaking the current in the primary

circuit, the current meter, and the spark gap. In this way the low

frequency, low tension, alternating current enters the transformer

and is stepped-up, while the spark gap which is of the hissing spark,

or singing arc type, delivers six to eight thousand impulses each

second, so that the frequency reaches a million for the same period.

The current is drawn from the secondary circuit which is provided

with binding posts for the attachment of conducting cords and

electrodes.

This apparatus gives a high degree of efficiency but the "singing

arc" spark gap requires great care. After the apparatus has been

working for a little while, nitrous fumes collect in the space around

the arc and if not promptly removed the metal parts will corrode

to such an extent that the passage of current will be interfered with.

The apparatus that is portrayed in figure 204 has been designed

so that in addition to diathermia it can be used for d'Arsonvalisation

and X-rays.

Most American manufacturers of electric apparatus now turn

out various diathermic high frequency machines, and from what
we have previously said it* can readily be seen that their efficiency

depends upon the efficiency of the spark gap and the frequency
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of the oscillations. The Wappler Company of New York has de-

vised a multiple disk spark gap which is simple, and for medical use

has one great advantage over the telefunken gap. It consists of an

arrangement of nine plates, through which a sliding aluminum rod

is passed and the spark gap consists of a number of multiple small

Fig. 204.—Apparatus for Diathermia, d'Arsonvalisation and X-rays, as used by
Nagelschmidt and made by Siemens & Halske.

fine sparks that pass between the plates and on account of the

proximity of the plates to each other, the interval required for the

spark to pass becomes a minimum. The sliding aluminum rod

serves merely to short circuit and therefore exclude a certain number

of plates. The more plates in which the rod comes into contact,
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the shorter will be the spark gap and when the aluminum rod is

entirely removed, then the spark gap will have reached its maximum.

This multiple disk spark gap is open to the air and therefore the

nitrous fumes which are formed rapidly diffuse and cause little or

no corrosion of the plates. There is therefore no necessity of muffling

this spark gap because the spark discharges never become larger

than the distance between the plates. In practice this spark gap

furnishes sustained oscillations, such as are necessary to obtain a

Fig. 205.—Portable Diathermic High Frequency Machine.

good diathermic action. In the accompanying illustration, figure

205, which shows a portable diathermic apparatus, the Wappler

spark gap may be seen in the upper left-hand corner. In the lower

portion of the cabinet is a rotary converter for the direct current.

A further attempt to improve the spark gap, and thereby increase

the number of sustained oscillations for diathermia, is being made by



PHYSIOLOGICAL ACTION OF DIATHERMIA 253

substituting tungsten for the alloy of silver and copper which is

used in the multiple disk gap. By the use of tungsten the nitrous

fumes are practically eliminated and thus the tungsten spark gap

may be concealed within the main cabinet of the machine and the

regulation may be accomplished by means of a ratchet.

In the larger and more powerful diathermia machines, larger

spark gaps are required and notwithstanding the use of tungsten

the nitrous fumes still are formed in a sufficient quantity to cause a

corrosion of the exposed metal parts of the apparatus. This is

overcome by introducing a blower which diffuses the fumes as rapidly

as they are formed.

The Physiologic Action of Diathermia.—In considering the

physiologic action of the heat produced by the damping of high

frequency oscillations, we must remember that the heat penetrates

the entire body in a different manner from ordinary sources of heat.

For example, when water is boiled the heated molecules nearest the

source of heat rise and are displaced by cooler molecules and this

process is continued until the entire contents of the vessel has reached

a temperature of ioo°C. It will therefore be seen that during the

process of heating the temperature of the water never is uniform

until it has reached the boiling point. If heat is applied at the

bottom of the vessel, the temperature of the water at the bottom

is always several degrees higher than the temperature of the water

on the surface. This same principle in a modified form holds true

for solid conductors of heat as the only difference is that the entire

body is heated by conduction instead of convection. In noncon-

ductors heated in the ordinary way, only that portion of the body is

heated which comes into direct contact with the source of heat.

The condition that obtains with diathermia is entirely different.

The damping of the oscillations by the body through which the high

frequency waves are passing, takes place throughout the entire body.

As the heat is produced by a conversion of electrical energy into

heat by the process of damping, it is self-evident that the entire

body becomes equally heated. This of course is true only if the

entire body is permeated by the oscillations.

When, therefore, the human body is placed in the circuit of a

diathermic apparatus, we have an actual production of heat within

the body. The human body, however, is made up of many dif-

ferent elements whose various tissues exhibit a different resistance,
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so that all parts of the body are not equally traversed by the oscilla-

tions. It has been shown in the cadaver that when a diathermic

current is allowed to pass through the body, the skin is most readily

warmed and next in order come the bones, fatty tissue, nervous

tissues and muscles. If, however, the electrodes be changed so

that the current be allowed to flow longitudinally then there is a

reversal in the order of heating of the various tissues. Many indi-

vidual investigators have attempted to give a specific order to tissue

resistance, but up to the present time they are so much at variance

with each other, that it is impossible to draw any conclusions from

the facts at hand.

Attempts have been made to form some standard of comparison

to be used for the heating effects of the diathermic current. Ascites

fluid is most easily heated and therefore this has been reckoned in

the scale as one. It requires very little more current to heat muscle

tissue and therefore muscle has been placed in the scale between one

and two. Fatty tissue is marked from nineteen to twenty. Nerves

and bones have not been computed. Other specific numbers refer

only to individual organs.

In general, it is safe to assume that the greater the amount of

serum in an organ and the less the amount of fat, the less will be the

resistance to the oscillations and the greater will be the diathermic

effect. Therefore in all inflammatory conditions a serous exudation

serves to lower the resistance and therefore increases the suscepti-

bility to the transmission of diathermic heat. Variations in circula-

tion will also modify the penetrative power of the current. From
the foregoing one would hardly believe that the resistance of the

brain would be low, but in the scale previously referred to, it comes

as high as between five and six. The reason for this is not thor-

oughly understood but is supposed to be due to the fatty content of

brain tissue. Heated tissue offers less resistance than cold tissue

and therefore it would seem that after the initial resistance is over-

come and the tissues begin to be heated, the progress of the heating

continues rapidly to such an extent that great care must be taken

not to cause a burning of the tissue.

Experiments in the body temperature of animals have been at-

tempted in rabbits and dogs and it has been found that their body
temperature could be raised, by placing them within a diathermic

circuit, to such an extent that death would ensue. The body tern-
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perature of the animals would slowly rise as if they were the victims

of a febrile condition and death would occur both in dogs and in

rabbits when the temperature reached 41 to 43°C. The cause of

death in this instance is still speculative. No ordinary thermogenesis

would cause death at this temperature. But this is an extraordinary

thermogenesis, as has been previously explained, in which every

part of the body participates in the heat production. In other

words, an electrothermogenesis is a condition by itself and must

be considered such.

Effects of Diathermia on the Growth of Microorganisms in the

Living Tissue.—The effects of diathermia upon the viability of micro-

organisms in living tissues have also been carefully investigated.

The main experiments consisted in introducing pure cultures of

different microorganisms into such places as the joints of animals.

Care was always taken that the inoculated joints should be sym-

metrically placed. A diathermic current could then be allowed to

flow through various joints on the one side of the body while the

infected joints on the other side were not so treated. After a number

of applications of the diathermia to the affected joints, it was found

that it was impossible to get a culture from them, while the sym-

metrical joints which had not been subjected to the diathermia

showed all evidences of bacteria growth and cultures could easily

be obtained from them. It is for this reason that inflammatory

conditions based upon bacterial infection are subjected to the dia-

thermic current in the hopes that the bactericidal action of the

current will kill the infection and thereby relieve the inflammation.

Application and Uses of Diathermia.—As has previously been

shown diathermia is a method to increase the body temperature either

generally or locally. The use of diathermia in therapeutics depends

entirely upon this thermogenesis, and the uses to which it may be put

depend upon the amount of heat generated and the temperature

to which the body is to be raised. From this it may be seen that the

use of diathermia is twofold. For general therapeutic use it depends

entirely upon the increase of local or general body temperature

within physiologic limits. When, on the other hand, the temperature

is raised to such a point that disintegration of the protoplasm takes

place, then the use of diathermia becomes purely surgical. The

ordinary therapeutic effects within physiological limits are those

which concern us most and it can readily be understood that dia-
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thermia differs from the ordinary thermotherapy of hot boxes and

baking apparatus, inasmuch as the heat is penetrating and may be

definitely localized without reference to the circulation. The great

advantage of diathermia over other forms of thermotherapy is that

the heat is uniformly diffused in accordance with the position of the

electrodes and their size.

The electrodes used for diathermia consist for the most part of

flat metal plates and these plates may be rigid or flexible in accord-

ance with the use to which they are to be put. When hand elec-

trodes are to be used they consist of cylinders that can be readily

grasped in the palms of the hand. The application and position

of the electrodes must be left often to the ingenuity of the operator

and for this reason it is often well to have sheets of some flexible

metal so that they may be cut to the desired size and bent into

the desired shape for each special requirement. They then can be

easily connected with the apparatus by means of a clip and attached

to the end of the conducting cord. The point of main importance

in every application of diathermia is that the contact between the

electrodes and the skin must be as nearly perfect as the operator

can establish.

The dosage of the current is unfortunately a matter that will have

to be acquired by experience because there is no device as yet made
which will record the heat which is being developed within the human
body during a diathermic application. Various attempts have been

made but the obstacles in the way of obtaining the true reading can

readily be seen. An instrument has been devised by which a needle,

consisting of two metals, is plunged into the tissue and the tempera-

ture is recorded by the inequality of the expansion or contraction

of the needle. This of course is manifestly impractical and here lies

an opportunity for the invention of some device that will prove

satisfactory. The importance of keeping the temperature within

physiological limits is manifest because in all therapeutic appli-

cations we wish to avoid any protoplasmic destruction, and when
one considers how insensible to pain some of the deeper tissues are,

it is easy to understand the danger that may attend an inexperienced

application of a diathermic current. We have found in our own
experience, that a safe guide is the patient's subjective feelings of

the sense of heat in the skin. A diathermic application should

always be short of painful and if one adheres to the rule of con-
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sidering the patient's subjective symptoms, then an application

will generally be safely applied. The only objection to this rule

lies in the fact that in neurotic patients, the heat may be complained

of long before it really reaches a penetrative stage, or, on the other

hand, in patients suffering from certain nervous disorders which are

accompanied by a disturbance in the temperature sense of the skin

over which the electrode is placed, which will of course render sub-

jective findings useless. As the latter condition is generally a

rare one and associated with an involvement such as syringomyelia,

a preliminary examination will readily reveal this difficulty.

Another guide as to the amount of heat that is developed in

the tissues may be had through a regulation of the strength of current.

The heat developed by diathermia is Joule heat and increases in ac-

cordance with Joule's law. But the increase in heat varies directly

in proportion to the square of the current strength, so that if the

current strength be double, the temperature will be increased four-

fold, while if the current strength be treble, the temperature will be

increased nine-fold. For this reason it is important to watch the

registration on the hot wire milliamperemeter while the current is

flowing, because a slight increase in current will cause a great in-

crease in temperature and this will explain why a patient in a dia-

thermic circuit will be comfortable while the milliampere meter

records one ampere but will show signs of intense pain if the current

is increased even a few milliamperes.

Another factor that enters into heat concentration is the size

of the electrode. If an ampere of current is forced through the

skin under a small electrode, it will of course cause a greater rise in

temperature in that portion of the body that is traversed by the cur-

rent than if it were diffused over a greater area by means of a larger

surface electrode. There is a direct ratio between the heat pro-

duction, the size of the electrode and the current strength and it

becomes self-evident that with smaller electrodes smaller current

strength may be used and that with larger electrodes, the current

strength may be increased.

The duration of a diathermic application is also a variable and

individual question. The main point to be remembered in this con-

nection is that the diathermic heat follows Joule's law and that the

intensity increases in proportion with the time that it flows. There

is also another element that must be considered. Although the elec-

17
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trie thermogenesis is independent of the circulation, still the blood

current tends at the beginning of a diathermic application to prevent

the overheating of the tissue, but as the application continues, the

cooling effect of the circulating blood diminishes and a dangerously

high temperature is more readily reached the longer the appli-

cation is applied.

Some authors consider five- or ten-minute applications sufficient,

others give a general rule of long sessions lasting from a half hour to

one hour. Here again each individual case must be considered by

itself and all the various elements which enter into the thermogenesis

must be carefully considered.

It has been claimed that in the general- application of diather-

mia the body heat could be maintained to such an extent that

fuel foods would become unnecessary. In other words, that 1500

calories of heat could be supplied daily to the body and that this

supply would be sufficient to offset any drain on the tissues. This

theory of course is visionary ; at the same time it gives a suggestion

that a general application of diathermia may be of value in those

conditions that are marked by cachexia, inhibition and wasting.

The most important field for diathermia is in its local use. No
other agent can cause heat to penetrate the superficial tissues in the

same way as is accomplished by the diathermic effect of the high

frequency currents. Theoretically the heat can be focused upon an

internal organ or tissue, but in practice this is not possible nor is

it necessary. The main principle that must be borne in mind is that

the heat is produced within the tissues in definite relation to the size

and position of the electrodes. For ordinary use it is not necessary

to exercise any great mathematical precision in order to determine

the exact focus of the maximum intensity of the heat; the operator's

ordinary ingenuity should be sufficient to enable him to bring the

desired part within the field of the heat generation, and it cannot here

again be too strongly emphasized that the diathermic effects of the

high frequency currents are purely heat and not electric.

The indications for the use of local diathermia are the same as

those where any form of local heat and local hyperaemia are desirable

and for this reason diathermia recently has been used as a valuable

adjunct to the treatment of cases in which Bier's hyperaemia is

desirable.



CHAPTER VIII

APPARATUS FOR ALTERING ELECTROMOTIVE FORCE
{Continued)

RONTGEX rays

Tubes. Current. Inverse Currents. Rectifiers. Interrupters. In-

ductors. Direct X-ray Generation. Measuring Devices. Ampere-

meters and Milliamperemeters. Radiometer. Penetrometer. Pro-

tective Devices. Coolidge Tube. Gasless Tube.

The question of the development of the Rontgen rays is in

itself so large and comprehensive a subject, that a separate volume

would be required properly to deal with it. But the apparatus for

the production of the Rontgen rays is so closely related to the high

frequency and diathermia apparatus, that the three are usually

combined and its description properly belongs here.

In order to avoid useless repetition the reader is referred to the

previous pages where the high frequency apparatus is fully described.

In this chapter therefore we will consider only those parts of the

apparatus, and the necessary additional equipment, which may
especially be required for the production of the Rontgen rays.

The basis for all Rontgen ray tubes is the original Crooke

vacuum tube, but this has undergone so many modifications that

in jts present form it would be difficult to recognize the original.

The present tubes, however, have reached the state of perfection

when a certain number of requisite standards are accepted and

recently the innovations have been few.

The modern tube consists of a globular vacuum tube made of

potash or soda glass, and contains two terminals which are known
as the kathode and the anode. The anode is also known as the

anti-cathode or target, and is heavily constructed, and so arranged

that it presents a flat surface which is placed at an angle of forty-

five degrees to the direct path of the kathode stream. The metal

used in constructing this terminal consists chiefly of a fusible alloy,

preferably of copper, and faced with platinum or tungsten. The
259
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kathode terminal consists of a concave disk and is usually made of

aluminum. The concavity enables the kathode rays to be focused

upon the anode or target. The kathode rays change to Rontgen

or to X-rays when they impinge upon the anode. If the primary

electromotive force is sufficiently great and the vacuum of the tube

sufficiently tenuous, then the X-ray will pass through the glass

surface of the tube.

There are still other considerations that enter into the practical

production of the X-ray, and these will be considered later. But

FlG. 206.—X-ray Tube. A, Anode; B. Assistant Anode; C. Cathode; D, Regu-
lating Chamber; F, Regulating Adjuster; G. Hemisphere; H, Connecting Wire; I.

Assistant Anode Cap; K, Anode Cap; L, Cathode Cap; M. Cathode Stream; N\
Focal Point.

the accompanying illustration shows clearly the parts of the tube

to which we have referred.

Figure 206 is a schematic representation of an X-ray tube and

indicates how the kathode stream (M) is thrown from the cup-shaped

kathode (C) to a focal point (N) on the target or anode, and from this

the radiations (1, 2, 4, etc.) are projected as X-rays through the glass

wall of the tube (G).
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The Rontgen or X-rays which are thus diffused have peculiar

and characteristic properties. They proceed in a straight line, just

as light rays, but they cannot be reflected, or focused, nor can they

be deviated from their course by magnets The X-rays are in-

visible to the eye, but like the actinic solar rays they will affect sensi-

tive silver salts. Furthermore, they have the property of rendering

certain chemicals such as calcium tungstate, fluorescent. Most

opaque substances which are impervious to ordinary light can be

penetrated by the X-ray, and the degree of penetration is dependent

upon the so-called hardness of the rays themselves and the atomic

weight of the substance through which they pass.

Fig. 207.—X-ray Tube for Static Machine.

The kathode rays, from which the X-rays are produced, were

originally obtained by connecting the terminals of the tube to the

poles of a static machine. This method is now practically abandoned

and the ray is derived by placing a vacuum tube in the circuit of the

secondary terminals of a high tension current. If the static machine

is used, a specially constructed vacuum tube is provided. Such a

tube is shown in figure 207 and may also be used with a high

tension coil if the output of current be small. These static machine

X-ray tubes are supplied with automatic vacuum regulators, which

provide against the fluctuations of current and the atmospheric

condition to which the static machine is extremely sensitive. The
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high tension current, however, is less troublesome and more satis-

factory for the production of the kathode rays.

When the high tension current is allowed to pass through the

vacuum tube, the electromotive force of the current causes the

separation of the negative electrons on the kathode, and these move
in a stream toward the anode, with a velocity almost equal to light.

These are the kathode rays, and exist entirely within the tube. Their

velocity increases directly in proportion with the electromotive force

which produces them, and the degree of exhaustion of the vacuum

of the tube. The kathode rays also travel only in straight lines, but

they can be deflected from their course by magnets. When the

kathode rays strike the glass wall of the tube or the target, or any

similar hard substance, intense heat is the result, and this is

accompanied by fluorescence.

If the current should be reversed so that the kathode rays start

from the anode or target of the tube, then a secondary X-ray is

produced when the kathode rays strike the glass walls of the tube.

It must be borne in mind that these X-rays do not emanate from

the anode and are therefore called secondary X-rays. These pene-

trate the glass wall of the tube and have the same properties as

X-rays formed in the regular way. Photograph negatives, however,

derived from such secondary rays are destitute of detail. In the

regular operation of the tube some of the kathode rays will impinge

upon the glass wall of the tube in the manner just described and also

develop a secondary X-ray. In practical usage special diaphragms

have been devised in order to eliminate these secondary rays.

When currents of high potential are passed through a tube,

changes in the vacuum and in the glass occur. If currents of suffi-

cient strength to heat the anode are allowed to pass through a tube,

gases are given off, and thus the vacuum of the tube is diminished

and the glass is softened. In order to prevent this the manufacturer

uses various processes to season the tubes which may be accom-

plished by repeated numerous exposures with low electromotive

force. A tube which has once been overheated must again be sub-

jected to a reexhaustion. In order to overcome this difficulty, and

increase the life of a tube, a so-called air pressure tube with a cooling

arrangement has been devised. Such a tube is shown in figure 208.

The cooling device consists of a cold air jet thrown by a compressed

air blower through a rubber tube and so directed that the antikathode
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is cooled. A tube with such a device is used for deep raying, and

can be continuously run for a long period of time.

All tubes, however, have a life limit and this limit occurs when

the anti-kathode gases become exhausted. When the vacuum be-

comes high and the rays become hard, a point is reached when the

tube must be regenerated by a reduction of the vacuum. Many
devices, both of a mechanical and chemical nature have been used

in order to avoid the frequent regeneration of a tube, and thereby

prolong its life. The most universal method is by the addition of

an auxiliary chamber which projects from the wall of the tube and

which is so arranged as to supply gases automatically.

Fig. 208.—Air Pressure X-ray Tube.

A very simple device for increasing the life of an X-ray tube is

by using tungsten for the anti-kathode. These tungsten target tubes

are generally used with currents derived from large coils. Such a

tube is shown in figure 209.

The source of supply of the electric current may be the electric

lighting circuit of one hundred and ten or two hundred and twenty

volts, either of the direct or alternating current. Some operators

advocate the use of the power house current of twenty-two hundred

volts which has been previously stepped down magnetically to one

hundred and ten or two hundred and twenty volts near the point

of use. The power house current as a rule delivers sixty cycles and

this admits the use of coils of fine copper wire.

The high tension element of the current is derived from a Ruhm-
korff or induction coil with the addition of a transformer.

The induction coil consists of a primary coil which has a mag-
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netic core built up from sheets of iron; this coil is wound with about

one hundred turns of thick copper wire and is insulated from the

secondary coil in the usual manner. The secondary coil has many
thousand windings of fine copper wire superimposed upon the primary

coil. The terminals of the secondary coil are connected with a plate

and a point for the discharge of the current, and the plate is attached

to the kathode of the coil. When a magnetic field is created or

abolished, or when its intensity is varied, induction currents of a

short duration are produced in the secondary winding. For this

purpose interrupters are required to make and break the circuit

with regularity.

Fig. 209.—Tungsten Target X-ray Tube.

Two types of interrupters may be used, and they must be placed

in such a position that they open and close the primary circuit.

The two types of interrupters most frequently used are the mercury

brake, which is driven by a motor, and the electrolytic interrupter.

The mercury interrupter requires a condenser which is adjusted to

the frequency of the interrupters. The electrolytic interrupter is

commonly known by the name of its inventor, Wehnelt. Both of

these interrupters require special description which will be found

on page 271.

A transformer is necessary when a direct current is required, and

the central station supplies an alternating current. These current

transformers may be chemical or mechanical and are also described

elsewhere (pp. 193 et seq).
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A rheostat for the regulation of the current must be interposed

in the circuit in order to decrease and increase the voltage. The
modern tendency has been to simplify the component parts of the

apparatus as much as possible. One of the most irritating sources

of inefficiency lay in the interrupter, and this has been entirely done

SYNCHRONOUS MOTOR

Fig. 210. Fig. 211.

away with by the use of the so-called interrupterless transformer.

If the central station supplies an alternating current no transformer

is necessary, but if the original electric supply is derived from a

direct current then a rotary converter must be used to transform it

to an alternating current. This transformed current has its ten-
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sion raised by an apparatus which works similarly to the ordinary

transformer which has two sets of primary and secondary windings.

The secondary winding of the transformer has its voltage increased

to one hundred and twenty thousand volts of a unidirectional cur-

rent by means of a rotary switch or high tension commutator. It

is only by such resources that proper illumination can be secured.

HC

Fig. 212.—Oscilloscope.

Rontgen Ray Circuits.—We have seen that either the direct or

alternating current may be used in an X-ray circuit, but in each

instance they must be treated differently. The accompanying

diagrams show clearly two such circuits.

As we have said before, if the direct street current is used, a

rotary converter is required for the production of an alternating

Fig. 213.—Valve Tube.

current. Figure 210 shows how the rotary converter is introduced

into the circuit. If, however, the street supply is an alternating

current, then a synchronous motor must be introduced as is shown
in figure 211.

Inverse Currents.—The question of inverse currents has been

taken up recently because they tend to interfere with the action of

the current in the development of X-rays. The inverse currents are

eliminated in the unidirectional current which is secured from the
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high tension commutator. Inverse currents are produced in the

secondary coil when the poles of an alternating circuit are inverted.

If this inverse current be allowed to pass through an X-ray tube it

tends to ruin it.

Rheostat devices have been used for the elimination of the inverse

currents and these are known as high tension rectifiers or valve tubes.

Fig. 214.—Series of Valve Tubes.

They are connected in series with the X-ray tubes and serve to

allow the current to pass in one direction only so that the reverse

current is eliminated. They consist of vacuum tubes and the vacuum

is so regulated that it offers too much resistance to allow the second-

ary current to pass. When the ordinary current is used, the inverse

Fig. 215.—Three Cell Rectifier.

current is an important factor and must be eliminated by some such

device.

The first essential is to determine the presence of inverse currents

in any particular X-ray circuit that is being used. For this purpose
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an oscilloscope (Fig. 212) is introduced into the circuit, and any

inverse currents will promptly be detected. If the objectionable

inverse currents are present then a valve tube must be placed in the

circuit. Such a valve tube is shown in figure 213. Instead of one

large valve tube, several smaller ones may be placed in series, and

Fig. 216.—Four Cell Rectifier.

are preferable for use in connection with large coils and high milli-

amperage (see Fig. 214). The degree of vacuum in all valve tubes

must necessarily be low, and should be luminous to a point just below

that of appearing green.

We have already indicated that the greatest danger of inverse

currents arises in an X-ray circuit which is derived from an induction
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coil which is operated from an alternating or direct circuit. Much
here depends upon the adjustment of the interrupter, and if a Weh-
nelt electrolytic interrupter is used, the construction of the anode

sheath also greatly influences the current. But the introduction of

rectifiers into an alternating circuit serves to give a unidirectional

current. We have previously described rectifiers and their principle,

but for X-ray work specially constructed rectifiers are made. The
diagram of such a rectifier of the three cell type is shown in figure

Fig. 217.—Mechanical Interrupter.

215. The number of cells used is more or less arbitrary and

figure 216 shows a four cell rectifier which is said to give good

satisfaction. In this rectifier special steel and aluminum plates are

immersed in an alkaline solution. The current is able to pass from

the steel to the aluminum plate, but not in the reverse direction.

In other words, the rectifier acts as a valve and allows the current

to pass only in one direction.

Before the rectified current is allowed to pass through the induc-

tion coil, it must be rhythmically interrupted and to this end an

interrupter is used. Of the several types of interrupters, the elec-



270 APPARATUS FOR ALTERING ELECTROMOTIVE FORCE

Fig. 218.—Wehnelt Electrolytic Interrupter.
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Fig. 219.—Diagram of Wehnelt Interrupter.
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trolytic and the mechanical interrupters enjoy about equal popularity.

Until recently the electrolytic type was preferred because it seemed

to give better service while the mechanical type got out of order fre-

quently on account of bad adjustment of its moving parts. At

present, however, many mechanical interrupters seem to give ex-

cellent service and are considered somewhat more reliable. Figure

217 shows an interrupter of the mechanical type. A description is

unnecessary because, as its name implies, it is mechanical and each

such interrupter will vary in construction. The most important of

the electrolytic interrupters is the Wehnelt Interrupter, which is

shown in figure 218. It consists of a porcelain jar in which are

electrodes of lead and platinum. The electrolyte consists of dilute

sulphuric acid. When the current passes from the small platinum

electrode to the large lead one, gas bubbles form at the platinum

point and momentarily stop the current. The bubbles are absorbed

by the electrolytic action and the current flows on again. This

is indefinitely repeated.

Inductors.

We have now seen how the street current is first rectified, and

then rhythmically interrupted, so as to furnish a unidirectional circuit

for the induction coil. Much depends on these coils or inductors,

for if they are not large enough, or if they are not wound with proper

consideration for the use to which they are to be put, the resultant

current for X-ray generation will be unsatisfactory. Such inductors,

with their primary and secondary coils well encased are surmounted

by a spark gap which becomes the indicator of the coil. If the in-

ductor is able to furnish a six inch spark then it is rated as a six inch

coil. Such an inductor is shown in figure 220.

Much has been done to improve inductors so that with a minimum
of current through the primary coil a maximum of current may be

drawn from the secondary winding. And the intensity of the spark

that is formed in the spark gap has become so great that it is char-

acterized as an "electric flame." Many fanciful names have been

attached to this flame of the secondary discharge, and the accompany-

ing illustration, figure 221, shows an apparatus from which a twelve

inch flame may be derived. The inductor with its spark gap may
be seen mounted on the cabinet of the apparatus.

The apparatus shown in figure 222 shows plainly the relation
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Fig. 220.—Inductor for an X-ray Apparatus.

Fig. 221.—X-ray Apparatus with Inductor Shown Mounted Above Cabinet.
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Fig. 222.—Apparatus for Generating X-rays, and Showing the Switchboard, the

Interrupter, and the Inductor.
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of the different parts of an X-ray apparatus. Below is the switch-

board with its rheostat and meter; within the cabinet is the interrupter

and mounted above is the inductor and spark gap.

Direct X-ray Current Generation.—The increasing demand for

X-ray and high frequency apparatus lent a stimulus to manufacturers

to improve all the various parts needed in this particular field. With

Fig. 223.—Interrupterless Transformer.

improved coils, improved transformers were produced so that soon

high potential transformers, that were capable of giving currents of

extremely high pressure were manufactured. These were used for

the direct generation of an X-ray current.

The current from the main, first operates a dynamo that delivers

an alternating current. The current is then rendered unidirectional

by means of a rectifying wheel which is attached to the motor gen-
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erator and therefore works synchronously with it. This unidirec-

tional current is passed to the high potential transformer which in

turn delivers a unidirectional current of very high potential from

the secondary coil.

An apparatus of this kind is also called an interrupterless trans-

former and is shown in figure 223. The advantage of such a direct

X-ray current generator is particularly great because it delivers a

current of very high potential and at the same time free from the

inverse waves. This is most essential for rapid radiography and

instantaneous work.

MEASURING DEVICES

Amperemeter and Milliamperemeter.—The principle of ampere-

meters and milliamperemeters such as are used in connection with

Fig. 224.— Meters for X-ray Coil.

the X-ray coil does not vary from that already described in another

section. The main essentials of these meters are that they should

have a sufficient range for the coil with which they are to be used.

The amperemeter measures the amount of current that is used for

operating the coil and the milliamperemeter indicates the amount of

current that is passing into the tube. The accompanying illustration,

figure 224, shows two such meters.

Radiometer.—It is always desirable when making an X-ray ex-

posure, to be able to determine accurately the length of time that

the exposure requires. For this reason a device which is called a
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radiometer is used. The principle upon which this instrument

depends is the fact that X-rays can discolor a solution of calomel.

The longer the solution is exposed to the influence of the rays the

deeper the color becomes. The instrument which is made on this

principle is called a calomel radiometer, an illustration of which

is shown in figure 225.

Penetrometer.—The penetrometer is a simple apparatus for esti-

mating the hardness of the rays. A wedge-shaped strip of aluminum

is moved along side of a sheet of silver in front of a special fluores-

Fig. 225.—Calomel Radiometer. Fig. 226.—Wehnelt Penetrometer.

cent screen. As soon as the fluorescence appears to be the same for

both metals, a reading is taken from the scale. This scale is gradu-

ated from zero to fifteen Wehnelt units and«may be read off in tenths

of units, which indicates the penetration of the tube. Such a pene-

trometer is shown in figure 226.

Protective Devices.—It is necessary for every operator of X-ray

apparatus to protect himself and his patient from the undesirable

activity of the X-rays. Many different resources have been used

but for the purpose of illustration a few such will be shown here.

Glass tubes, shields of glass and metal, and rubber protective suits

have been advocated. Recently, however, it has been claimed and
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apparently demonstrated that with the tubes of great penetration

the ordinary protective devices are inefficient.

Tube shields as shown in figure 227 are used to cut off the X-rays

from every direction, excepting the one to which they are to be ap-

plied. These shields are necessarily heavy and can be readily

slipped on and off of a tube without injury. They are fitted with

diaphragms so as to make an adjustment easy. Such a shield will

protect both the operator and the patient.

Another kind of tube shield is made of heavy flux glass. These

are commonly used as holders for X-ray tubes. The glass of which

©_o

Fig. 227.—Shield with Diaphragms for X-ray Tube.

Thethese shields are made contain about 40 per cent, of lead,

accompanying illustration, figure 228, shows such a shield.

The protective suits which are used for X-ray work consist of

large aprons, gloves, masks and goggles made of various materials

that resist the penetrative power of the rays. An operator equipped

in such a suit is shown in figure 229.

Coolidge Tubes and Gasless Tubes.—It has long been the en-

deavor of investigators to obtain a tube which would furnish primar-

ily the hard and penetrating Rontgen rays. The idea was furthered

by the recognition of the potency of the radium rays, and the study

of radium stimulated the desire for an improvement in the quality
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of the X-ray tubes. All the good effects of the Rontgen rays were

attributed to the hard rays. Deep-seated tumors were supposed to

be acted upon favorably by them; in short, the tube that would

propagate purely hard rays was the one sought after for all cases

where penetration only was desired.

The obstacle in the way of obtaining such a tube lay in the fact

that the development of the hard rays appeared to be proportionate

to the attenuation of the vacuum in the tube which produced them.

But the higher the degree of vacuum

that was achieved, the more difficult

it became to generate the X-ray

and a complete vacuum stopped

the functionating of the tube.

Wehnelt, Lilienfeld, Furstenau

and Coolidge constructed various

tubes which were designed to produce

Fig. 228.—Lead Glass Tube Shield. Fig. 229.—Operator in Protective
Suit for X-ray Work.

only hard rays, but it remained for Coolidge to furnish a tube which

was practical and comparatively simple.

In order to understand the principles of the gas-free tubes, we
must remember that in the ordinary tubes the ions are impulsive

ions; in the gas-free tubes we get no ions until the electrodes are

heated and then thermo-ions are produced. When, therefore, we
consider that thermo-ionization can be regulated we can readily

understand the advantage of the gas-free tubes. The intensity of

thermo-ionization depends upon the temperature of the cathode.

The limit of thermo-ionization is, therefore, the temperature at which
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the kathode fuses. As tungsten is the substance usually used for

kathodes, the limit of thermo-ionization for such lamps is 28oo°C.

because tungsten fuses at a temperature of 30oo°C. But the thermo-

ionization begins at 2ooo°C, so that we have a development of rays

that can be controlled between the temperatures of 2ooo°C. and

28oo°C.

The tube that Coolidge devised and which at the present time

is taking precedence of all others, consists of a gasless tube so arranged

that the kathode may be heated to any desired degree by a current

which traverses it independently of the current which is used to

generate the X-ray. This will become clearer by referring to the

accompanying illustration. Fig. 230 is a schematic diagram of a

Fig. 230.—Diagram of the Coolidge Circuit.

Coolidge tube circuit. The high potential circuit for the generation

of the X-ray is seen to pass through the tube by way of spark gap (S)

and the high tension milliamperemeter (M). The other circuit,

however, includes only the anode and is indicated in the diagram of

comprising the storage battery (B), the amperemeter (A) and the

rheostat (R). This shows how the kathode is heated independently

of the current which generates the X-ray.

Figure 231 shows how the apparatus is set up, and by referring to

it, it may be readily noted how the storage battery current may be

controlled by the projecting rheostat handle. The more current
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that is allowed to flow through the kathode from the storage battery,

the more heat will be generated at the kathode and the greater will

be the penetration of the X-ray that may then be developed.

Of course the introduction of a storage battery circuit adds the

unnecessary complication of the storage battery itself. In order to

avoid this a special transformer (see Fig. 232; has been devised for

Fig. 231.—Battery Current System for Coolidge Tube.

use with the Coolidge tube circuit. The current that this trans-

former delivers is necessarily of low voltage and high amperage. The
transformer itself is of the closed core type, and the insulation between

the primary and secondary coil is so heavily constructed as to pre-

vent the high tension discharge from returning to the current mains.

The rheostat which controls the voltage is also of special construction

so as to prevent its becoming heated.
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The investigation and use of this new form of tube, in which the

heat ions substitute the older mechanical ions, has developed a ray

that is free from the defects of the ray previously produced and one

that can be measured.

Alternating currents seem to have no bad effect if allowed to

flow through the tube. In fact, when one of these gasless tubes is

activated there is little outward show that it is giving off a most

powerful ray, and it can be kept at work for long periods of time

without showing any change in its working or in its output. And

Fig. 232.—Special Transformer for use with Coolidge Tube.

the activity of the tube can be regulated either by regulating the

current, or by the introduction of varying resistance into the circuit.

It can, therefore, be seen that the generation of X-rays under

this new principle is placed upon a mathematical basis and that it

will be possible to use the X-ray therapeutically without danger of un-

pleasant collateral effects. Whereas, with the use of the older tubes,

experience was the main factor, the mathematical precision of the

new tubes substitutes knowledge for experience.

Radiologists all unite in saying that the new form of tube marks

the new era in the development of the Rontgen ray.
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CHAPTER I

PHYSICAL COMPORTMENT OF THE ELECTRIC CURRENT
IN THE HUMAN BODY

Native Electricity. Penetration and Diffusion. Resistance of the

Human Body. Measurements of Resistance. Variations of Resist-

ance. Current Density and Current Diffusion. Current Direction

and Polar Action. Ionic Transportation. Electrolytic Effects. Cata-

phoresis.

Many of the older writers laid great stress on "animal electricity."

The electrostatic phenomena of the human body were more par-

ticularly discussed. The production of a measurable quantity of

electricity by the friction of dry hair, under favorable conditions,

was considered proof of the inherent existence of animal electricity.

The fact that a person after shuffling the feet on a heavy carpet,

could cause a spark to jump from the finger with sufficient power

to ignite a readily inflammable substance, was always referred to and

discussed at great length.

All the discussion was more or less speculative until Sir Benjamin

Ward Richardson hit upon a vital truth when he assumed that all

membranes of the body—the pericardium, the periosteum, the cap-

sules of the kidneys, the membranous envelopes of the nervous sys-

tem—not only serve for mechanical protection and support, but that

they possess in addition a special function of great importance as

electric insulators to prevent accidental interaction with other bodies,

and thus retain the normal quantity of electricity in each organ.

The question of an inherent electromotive force was taken up

more recently by Jacques Loeb and R. Beutner. Their experimenta-
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tion was devoted to the investigation of animals and plants. It had

been found that when an organ of an animal or plant had been in-

jured an electromotive force developed between the injured and

non-injured surfaces. The injured surface usually represented the

positive or higher potential. Loeb has suggested that the difference

of potential is due to the fact that an acid is formed at the point

of injury, and that this acid formation causes the ionic displacement

which produces a difference in potential. This might in a measure

account for the slight differences in potential but the magnitude

of such ionic displacement in the living tissue is too small to account

for the electromotive force found in living organs.

Bernstein has found that the electromotive force of a muscle

increases in proportion to the temperature of the muscle. Muscles

and nerves in the living body are too perishable for experimentation

and therefore vegetable substances, such as an apple, have been used

for determining the difference in potential through injury of the skin.

The ability of the human body to store electricity is also a subject

of investigation. A significant report on this subject was recently

given by A. F. Livingston. He observed a patient to whom long

sessions of galvanization had been administered for a protracted

period. After such a session the battery was disconnected and a

galvanometer substituted. The needle of the galvanometer showed

that a current flowed from the body in a direction opposite to that

of the battery current. Similarly it has been claimed that a static

wave current can be stored in the body.

Definite conclusions are still in abeyance but the matter is ex-

tremely important, inasmuch as the inherent electromotive force of

the body will affect the transportations of ions, and until it is more

thoroughly understood the ionic movements cannot be definitely

controlled.

Up to the present time, however, two practical applications have

been derived from our knowledge of native electricity. The one is

the so-called psycho-galvanic reflex, and the other is the large field

of electrocardiography. Both of these subjects are considered under

the head of electrodiagnosis.

Penetration and Diffusion of Electric Currents in Living Tissues.

Before occupying ourselves with specific questions, we must

understand how the electric current, when applied to the body,
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passes into it and diffuses itself therein, and what laws govern this

flow.

The physical laws governing the flow of electric currents in

homogeneous conductors, and the actions of the current upon such

conductors, have already been described so far as is necessary for

our purpose ; but we have as yet given no attention to the comport-

ment of a current in nonhomogeneous conductors, whose composite

constituents offer varied resistance to the current flow. The human
body is such a nonhomogeneous conductor, and a study of the laws

that govern the flow of current in the human body must again be

commenced with the all-important law that governs the flow of

current in any conductor, namely Ohm's law, expressed in the formula

r «•«•/•
C ~ R

The only factor of this formula that differs, with respect to

present studies, from the same factor as thus far studied in other

relations, is R, the resistance; for in all applications of electricity

to the human body the resistance is made up of the resistance of the

apparatus employed, plus the resistance of the human body itself.

Resistance of the Human Body.—To understand the resistance or

conductivity of the human body we must look upon it as a composite

mass, made up of heterogeneous electrolytic conductors. Each

one of these component bodies will offer a varying resistance

which will be dependent upon the circumstance of its being rich or

poor in ions. In general, the conductivity of these tissues, which

consist mostly of fluids, is greatest, and they offer the least resistance

to the flow of the electric current. This is true because they gen-

erally contain the electrolytes which are richest in ions and therefore

offer the least resistance to ionic transportation. Conversely, there-

fore, those tissues that contain little fluid, and consequently are poor

in ions, form a great obstacle to iontophoresis and therefore offer a

great resistance to the electric current. To this last class belong the

horny appendages, the hair and the epidermis, which offer the great-

est resistance, while the brain offers the least resistance to the flow

of a current and therefore is the best conductor.

The entire nervous system is a good conductor, and even the

peripheral nerve, according to the experiments of Alt and Schmidt

with the franklinic current, conducts six times as well as does muscu-

lar substance.
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Fat, muscle sheath, tendons, cartilages, and bone are poor in

ions, but are by no means so poor as to present a barrier to the pas-

sages of the current. Leduc has shown that the resistance of the

colloidal solutions of the body is very small, but the membranes that

envelop them offer a variable resistance to the movement of the ions.

The denser the membrane, the greater resistance will it offer, and so

we can understand that certain parts of the surface of the body will

offer greater resistance than will other parts. Thus it will be seen

that the horny layer, which covers the integument, and which is most

exposed, is, when dry, analogous to glass or paraffin, and this outer

layer, which is impregnated with the oily product of the sebaceous

glands is very poor in ions, and is therefore a very poor conductor.

On the other hand, the less exposed or hyperemic and perspiring

skin is richer in ions, and is a better conductor. Even in the same

individual, varying conditions can cause a varying resistance in the

skin, always depending on the presence, in a greater or lesser degree,

of the ions.

The fact to be gleaned from these studies is the all-important one

that the resistance of the epidermis is so much greater than that of all

other parts of the body, that, for electrodiagnostic and electro-

therapeutic applications, the body may be considered as a mass whose

resistance is that of the epidermis. So, also, because of this high

resistance of the epidermis the law that the resistance of a conductor

is proportional to its length may be disregarded. This is practically *

evidenced if we include the entire length of the body in the circuit,

placing the electrodes upon localities that are good conductors; the

resistance will be found to be less than if the electrodes were placed

close together, but upon poor conducting places.

The resistance of the human body has been experimentally

determined by a series of investigators, notably Vigouroux, Gaertner,

Jolly and Stintzing, and has been found to be extremely great—over

300,000 ohms—when the galvanic current is first applied. The initial

resistance, however, as shown by Stintzing and Graeber, soon falls,

in consequence of the flow of galvanic current, to a minimum that

remains constant, no matter how much longer the current may flow.

This constant minimum is about 3000 ohms. Such reduction of

resistance through the action of the galvanic current itself is in part

due to physiologic actions of the current, in part to physical effects.

The physical action is iontophoric, and the skin is impregnated with
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ions, and thus its conductivity is increased; the physiologic action

causes vascular dilatation, hyperemia, increase of secretion, and

thereby rise in temperature, and, as a natural sequence, an increased

conductivity. Inasmuch as the employment of an absolute galva-

nometer has become universal, the facts just stated are to an extent

deprived of practical value and possess chiefly a theoretic interest;

for we are able to read directly upon the meter the number of milli-

amperes of current that are passing at a given time.

Measurement of Body Resistance.

In some cases, however, it will not only be of interest, but also

of great utility, to be able to determine the precise amount of resist-

ance that the human body opposes to the flow of current, because

certain variations of this resistance take place under physiologic

conditions as well as from pathologic causes. The body resistance

may be measured either by means of a Wheatstone bridge or by means

of the substitution method. With the former method we obtain figures

that are those of the initial resistance, while with the latter method

our figures approximate more nearly to those of the constant

minimum.

With the dead beat galvanometer the substitution method is prac-

tical and satisfactory. It is carried out as follows: The body or

part of the body whose resistance we desire to measure is included

in the circuit between the two well-moistened electrodes. The

current is then turned on, until the milliamperemeter registers a

certain quantity—say five milliamperes of current. The body is

then excluded, and a large resistance, more than 10,000 ohms, is

interposed in the main circuit, by means of a measuring rheostat.

The two electrodes are then placed directly in contact with each other,

and resistance is added or thrown out, until the meter again registers

five milliamperes of current, when the resistance indicated by the

rheostat must be equal to that which in the first instance was offered

by the body. Otherwise the electrodes may be placed in contact

at once, a large resistance interposed in shunt by means of the rheo-

stat, and sufficient electromotive force introduced to cause a certain

deflection in the needle of the milliamperemeter; then, the rheostat

remaining unaltered, the body is added to the circuit by interposing it

between the electrodes. The meter reading will, of course, at once fall,

whereupon sufficient rheostat resistance must be added to bring the

19
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needle back to the point that it ocupied before the introduction of

the body. The difference between the rheostat resistance indicated

before the introduction of the body and that indicated after such

introduction, will be the resistance of the body.

In order to obtain accurate results, figures that are those of the

constant minimum, a current of from five to fifteen milliamperes

should be allowed to pass through the part to be measured, until

the galvanometer needle remains permanently at one place, be-

fore measurement of the resistance is undertaken. It is, of course,

an easy matter to measure the initial resistance as well as that of

the constant minimum.

Variations of Resistance.—In order not to be obliged to experi-

ment with each application made for practical purposes, we should

know not only which parts of the body possess a higher resistance

and which have a lower resistance, but also what factors determine

the variations of such resistances. These determining factors are:

1. The conductivity of the skin is proportionate to its moisture;

perfectly dry skin is practically a nonconductor. For this reason

the conductivity of the skin must be increased by wetting thoroughly

the parts to which the current is to be applied. This is best done

by saturating the coverings of the electrodes with water, preferably

warm. If cold water must be used, about one per cent, of sodium

chlorid (common salt) should be added, as cold water is a much
poorer conductor than the naturally moist human body.

2. Pressure upon the electrodes, by producing greater saturation

of the skin and by effecting a closer contact between the skin and

the electrodes, increases the conductivity of the parts.

3. While the length of the portion of the body placed in the cir-

cuit is of but secondary importance in the consideration of resistance,

the diameter of the parts through which the current enters and leaves

the body is of prime significance. The resistance of a conductor

being inversely proportional to its diameter, it follows that the greater

the diameter of the surface through which the current is applied,

the less will be the resistance, and that by doubling or trebling the

size of the electrodes we can diminish the resistance of the skin one-half

or two-thirds.

4. On account of the greater electromotive force, the resistance

of the body is much more easily overcome by the induced current

than by the galvanic, and therefore the resistance of the skin is
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of far less importance in faradic applications than it is in those of

the constant current. The resistance of the skin to the opening

shock of the secondary induction coil is even less than that opposed

to a closure shock. The initial resistance is, however, not lowered

by the action of induced currents as it is by that of unidirectional

dynamic ones.

5. The static currents, with their enormous electromotive force,

easily traverse the epidermis and pass out through the nearest good

conductor. That prolonged application of static currents to a single

part of the skin will reduce the resistance of that part is not sur-

prising, in view of the hyperemia and temperature increase thus

produced.

6. Alterations of the body resistance have in themselves been held

to be evidence of certain pathologic conditions. Vigouroux was the

first to maintain that the resistance of the skin was increased to the

constant current in hysteric anesthesia, and marked reduction of this

resistance was found by him and others in exophthalmic goiter.

Vigouroux, Charcot, and Wolffenden supposed this reduction to

be due to vasodilatation of the cutaneous vessels in consequence of

the disease, but later observations show that in this affection the

constant resistance minimum does not fall far below the physio-

logic limit, and that whatever difference may exist is one of the

initial resistance. Very recently Vigouroux and Mally have found

marked increase of resistance upon the paralyzed side in nine cases

of cerebral infantile palsy, with normal excitability of the muscles.

The practical value of these observations is at present very small.

7. In certain affections of the skin itself an increase of galvanic

resistance will be found. Thus the constant minimum is increased

in myxedema and elephantiasis; and the sclerodermic parts of localized

scleroderma have a higher resistance than the other parts of the skin

in the same individual. In these skin affections the pathologic

changes of resistance are in all probability mainly due to physical

causes.

8. That such resistance alterations may, however, be due to

vasomotor anomalies becomes possible in view of Eulenburg's in-

vestigations regarding the resistance of the head to the galvanic

current. While with unpolarizable electrodes the resistance offered

by the head of healthy persons, when the current was passed in

varied directions, either transversely or sagittally, under no cir-
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cumstances fell below 1200 ohms, nor rose above 1600 ohms; in

severe functional neuroses and psychoses these limits were frequently

overstepped. In patients suffering from migraine Eulenburg found

the resistance of the head usually markedly higher than in healthy

individuals, and more recently Mann has found reduced galvanic

resistance to be a frequent symptom of traumatic neuroses.

While the resistance of the various parts through which the

current flows will influence such flow materially, other factors also

must be considered. The most important are:

Current Density and Current Diffusion.

We have already seen that in all electric measurements, in order

to obtain results that will bear comparisons with results obtained

by others, we must have due regard not only for the strength of the

current, but also for the diameters of the conductors through which it

passes—that is, its density or compactness.

This necessity becomes all the more apparent when we learn that

a demonstrable excitation of the tissues of the body can be effected

with an electric current only when the current is sufficiently dense;

in other words, that the physiologic action of the current is dependent

not only upon its strength, but also upon its density. The greater

the current strength, the greater will be the density of the current

flowing through the conductor of a certain sectional area, and the

smaller the sectional area of a conductor, the greater will be the

density of a certain electromotive force flowing through it.

Therefore density = ——— ; density is directly proportional to the

electromotive force of a current, and is inversely proportional to the

diameter of the conductor through which the current flows. It is

thus manifest that the density of a current may be increased by

decreasing the size of the electrode; but as the current that can flow

through a conductor is proportional to the diameter of the conductor,

and the strength of the current therefore decreases with a decrease

in the size of the electrodes, we must, in order to keep the current

strength unaltered, increase the electromotive force with a decrease

in the size of the electrodes.

With these facts before us it is a simple matter to give, in com-

parable values, the current density that we are using; for we need
e.m.f.

only replace the e.m.f. and the area of our formula D = -—— byJ r area J
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the figures actually employed. Thus, if we are using a current of

5 milliamperes and an electrode of 12 square centimeters, the density

of the current will be Y\2- The density of the current thus esti-

mated is, however, only, as here specified, directly upon the sur-

face of the body at the places of contact with the electrodes; for

the current does not, as might be supposed, pass directly through

the body from electrode to electrode, taking the shortest path, but

divides into numerous electric circuits that spread throughout the

entire body, reaching, no matter how slightly, all its parts. The

currents in these various circuits are by no means equal throughout

in strength and density, but both of these become lessened in a

direct ratio to the distance from the electrodes of the part through

which the current is passing.

This fact can readily be explained by the law that governs the

flow of current in a branch circuit. Branched or derived currents

are inversely proportional in strength to the resistance of their re-

spective paths. Now, the resistance of a path increases directly

with its length; hence with the increase of the specific resistance

of such a path the current will tend less and less to flow through

it, while the resistance will be least, and therefore the current

strength greatest, upon the shortest path between the two elec-

trodes. The current density, being inversely proportional to the

sectional area of the path of the current, will be greatest imme-

diately under the electrodes, and will decrease as the current loops

spread ; so that in the interior of the body it will be too infinitesimal

to be capable of producing physiologic reaction.

The accompanying diagrams, taken from Erb, indicate how the

current diffuses itself in the body, how the current loops become

longer the more they deviate from the straight path between the

two electrodes, and how current strength and density accordingly

decrease. Figure 233 indicates how, with the employment of two

electrodes of an equal size, the density of the current immediately

under each electrode must be the same; while in figure 234, the

anode being double the size of the kathode, we see that the density

of the current under the latter will be twice as great as under the

former. In figure 235 Stintzing represents the current density at

the various parts of the body through which the current passes.

Herein we see that a current that has passed transversely through

the body by means of two electrodes of equal surface will rapidly
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decrease in density as it recedes from the direct path between the

electrodes, and that a series of transverse sections imagined to be

placed parallel to each other on this direct path will be so affected

Fig. 233.—Showing Current Density Fig. 234.—Showing Current Density
and Diffusion in Animal Tissue When and Diffusion in Animal Tissue When
Electrodes are of Equal Size. Electrodes are of Unequal Size.

by the current that the section (M) occupying the center of the

path will possess the least density of current, while the further the

sections lie away from this center, and the nearer to the electrodes

they are located, the greater will be the density

of the current passing through them.

If two electrodes be placed upon the same

surface of the body at some distance from each

'Fig. 235.—Showing
Current Density at Vari-
ous^Parts of Body.

Fig. 236.—Showing Diffusion of Current.

—

(Rieger.)

other, the diffusion of current will take place, according to Rieger,

as in figure 236—that is, the deeper a part is situated from the

surface, the fewer current loops will pass through it at any given
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distance between the electrodes, and, as in figure 237, the nearer

the electrodes are approximated to each other, the fewer the current

loops that will traverse a part situated at any given distance from

the surface; while, conversely, separation of the electrodes increases

the number of current loops traversing the deeper parts.

These facts are necessarily more or less modified by the specific

resistance of the various parts, but such modifications are not so

great as to nullify the practical deductions. Such warrantable

deductions are: (1) That the doctrines of current density and cur-

rent diffusion are of the highest significance in the application of

electricity for medical purposes; (2) that in electrodiagnosis the dif-

fusion of current may be the source of numerous fallacies; (3) that

in electrotherapeutics current diffusion may be the source of excita-

Fig. 237.—Showing Diffusion of Current.

—

(Rieger.)

tion of organs lying at a distance from either electrode, and ap-

parently outside of the field of influence of the current.

Current Direction and Polar Action.

Physiologists speak of ascending and descending currents,

and thereby imply that a current flows in an exposed nerve in a

certain direction from pole to pole. Whether it is intended merely

to express the relative positions of the positive and negative elec-

trodes in regard to the center or the periphery, and whether the

ascent or descent of a current can be voluntarily effected in an ex-

posed nerve, does not concern us, for we are dealing with entirely

different conditions. In the introduction of electric currents

through the skin, the only method with which we are concerned,

there can be no question of predetermining the current direction.

Erb's diagram (Fig. 238) indicates that if two electrodes are

placed on the skin over a nerve, only single current loops will flow

through the nerve in the direction from the positive to the negative

pole, while other loops will meet the nerve perpendicularly, and

still others flow through it in the opposite direction.
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In electrodiagnosis and electrotherapy there can, therefore, never

be any question of the practical utilization of current direction.

When, however, a single electrode is placed over or near an organ

(muscle or nerve), this organ will be dominantly influenced by the

Fig. 238.—Showing the Relation of Current Direction to a Nerve.

action of this pole. It is true, as de Watteville has clearly taught

us by his diagrammatic representation (Fig. 239), that if the anode

or kathode be placed on the skin over a nerve, the current does

not flow along the course of the nerve, but crosses it transversely or

Fig. 239.—Showing the Polar Relation Between Current and Nerve.

diagonally, and that at the place where the current leaves the

nerve the opposite pole to the one over the nerve will exist. Thus,

if the anode be placed upon the skin over the nerve, the virtual

anode will be found directly upon the nerve at the points of entrance
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of the current, while at the points of exit there will be found a virtual

kathode. The density of the current, while less at the virtual

kathode than at the virtual anode, will, notwithstanding, be suffi-

ciently great to cause an action of this kathode upon the nerve.

Yet the dominant influence will be exerted by the anode. Similarly,

if the kathode be placed upon the skin, a virtual anode will be formed

at the points of exit, but the kathodal influence will predominate.

Upon these facts are based:

1. The method of polar examination and the contraction laws

demonstrable upon the living body.

2. The possibility of obtaining a relative polar action in elec-

trotherapeutics.

Effects of the Electric Current upon the Living Body.

The effects produced upon the tissues of the living body by an

electric current may be divided into physical effects and physio-

logic effects.

The physical effects are electrolytic and cataphoric.

Before going into the physical effects it is necessary again to refer

to [ionic migration (see page 63). In the light of recent investi-

gation there is no such thing as true electric conduction. Instead

we must regard the body as an electrolyte, or rather as a solution

of electrolytes, which may be decomposed when an electric cur-

rent is made to flow through it. In such a decomposition the

anions proceed to the anode, and the kathions to the kathode. The
direction in which the ions flow is determined purely by the electric

polarity of each individual ion. Many physicists have speculated

on this question of ionic decomposition but Leduc presents the

simplest theory when he states that the ionic movement or trans-

portation is itself the electric current.

Ionic transportation can be demonstrated in inert media, in

dead animal tissue, and in living tissue. The penetration of ions

into living tissue can be shown experimentally by placing the fore-

legs of a frog into a solution of potassium iodide, while the hind legs

are similarly placed into a bowl containing pure water. The posi-

tive electrode is placed in the bowl of water in such a way that when
the current is allowed to flow it traverses a piece of boiled potato.

The negative electrode is placed into the bowl containing the solu-

tion of potassium iodide. If then a current of five milliamperes be

allowed to flow through this circuit for three-quarters of an hour
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the potato becomes tinged with a bluish color. This shows that

the iodine ion has passed through the frog's body.

Leduc has likewise demonstrated experimentally some more

remarkable phenomena which take place in the course of transporta-

tion of ions through the bodies of rabbits. He showed that strych-

nine could be made to pass through the body of an animal indefinitely

without harm if the ions were passing in a given direction, but if

the current was suddenly reversed, poisoning symptoms of strych-

nine would immediately appear.

Electrolytic conduction is likewise practicable, in man. If, for

example, the foot of a gouty subject be placed in a jar containing a

solution of lithium chloride and the carbon anode be placed in the

same jar, while the kathode electrode, which had previously been

thoroughly saturated with sodium chloride, be placed under the

thigh, the passage of the current causes the lithium ion, positively

charged, to be directed toward the kathode, while the chlorine ion

moves toward the anode. In the leg itself the sodium ion penetrates

toward the kathode and the chlorine ion toward the anode. The

sodium ion is left behind while the chlorine ion enters the tissues

of the thigh. At the other pole the lithium ion enters the tissues

and the chlorine ion is left behind. In this way is shown that a

foreign body, viz. lithium, has passed into the tissue. The proof

is manifested by the excretion of lithium in the urine. Similar

experiments have been carried out with colored, ions.

Different kinds of ions have different effects upon the tissues.

Some ions remain unchanged and others, as for example the hydroxyl

ion, enter into chemical combination in the tissues. Some ions such

as calcium, barium, iron and copper cause pain, while others, such

as the salicylic ion, are well borne. Experiments further have shown

that cocaine and stovaine produce anesthesia and some animal

principles such as adrenaline cause vasomotor disturbances. These

actions are all immediate and superficial. Some ions, however,

produce more remote effects. In the case of chromium ions eschars

may be produced and some of the ions of the alkaline earths cause a

gangrenous edema. The penetration of arsenic ions is accompanied

with pain and later by the formation of groups of small vesicles which

are analogous to a herpes zoster. The sulphate ion causes a drying

of the skin which ultimately takes on the appearance of parchment
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while the ions of cocaine and stovaine will, in their penetration,

cause a hard edema followed by desquamation.

The question of what ultimately becomes of the ions is important

from a therapeutic point of view. Leduc has again shown that the

penetration is shallow and slow, so that in order to obtain results

an appreciable electromotive force must be maintained. But the

excretion of the ions in the urine shows that the ions penetrate the

tissues to a great distance. More than this has not been as yet

definitely determined. The most that can be said is that ionic

transportation has a superficial action, which can exert an influence

on the tissues near at hand by rousing the natural defensive forces.

In all of the effects produced which have thus far been referred

to, sponge electrodes have been used. A different conduction, how-

ever, results if the electrode be of metal. When the sponge electrodes

are used, a steady iontophoresis is caused; if, however, the sponge

electrodes be substituted by metallic electrodes there is no per-

sistent ionization. The metal ionization is very rapid and sets free

a number of substances which cause certain actions in the tissues.

There may be a coagulation and destruction of tissue. This is

known as a tertiary effect and it varies directly with the quantity

of electricity. If only one metal electrode be used we speak of mono-

polar electrolysis. The technique of electrolysis will be given later.

Electrolytic Effects.—We have already stated that electrolysis

and polarization take place in organic tissues as well as in inorganic

substances. In the animal tissues this electrolytic action takes

place along the entire line of the galvanic current, from its place

of entrance into the body to its place of exit. In the interior of

the body the effects of these processes are rapidly neutralized by
means of the circulation; upon the surface of the body, however,

they may be more lasting.

Electrolytic action upon living animal tissues in immediate con-

tact with the electrodes admits of no question; and the drying,

coagulating effects that follow the application of the anode and the

softening, liquefying effects caused by the kathode are very easily

demonstrated.

Practically, we see these effects after prolonged and strong gal-

vanic application to the skin in the shape of wheals, blisters, and

exudations that may lead to the formation of ulcers and eschars.

By positive electrolysis is meant the effect produced by the acid
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reaction that occurs at the anode; by negative electrolysis, that

caused by the alkaline reaction that takes place at the kathode.

Gross destruction of tissue can be caused by either positive or

negative electrolysis. The eschar resulting from positive electrolysis

is dry and hard, while that resulting from negative electrolysis is

soft and pliable. The electrolytic actions, with their dependent

cauterizing effects, are observed mainly with the unidirectional

dynamic current. Alternating and, as such, also the faradic cur-

rents, while likewise producing electrolytic effects at the peripolar

zones and intrapolar tracts (for without these they could not pass

through such a mass of materials as that of which the human body

is composed), do not admit of any accumulation of electrolytic

material in consequence of their alternating character.

Cataphoric Effects.—Ordinary osmosis is the transfusion of

liquids of different densities and composition through porous septa

or membranes. When two such liquids of different density are at

the same level and separated from each other by such a partition,

an interchange takes place between the liquids, the lighter one

flowing toward the one of greater density with more rapidity, and

effecting a rise in the level of this liquid. These conditions may be

modified by the action of the constant current. This current pos-

sesses the property of producing a flow of fluid in one direction

—namely, from the anode to the kathode; so that a constant current

may be utilized to aid the natural osmotic flow of fluids by producing

an electric flow in the same direction, or to retard the osmotic cur-

rent by producing a movement in the opposite direction. This

modification of the ordinary process of osmosis by means of a con-

stant electric current is, when applied to living tissues, known as

cataphoresis. But when one considers cataphoresis as meaning the

transportation of intact molecules from one pole to another, it is

readily seen that this can hardly occur. It is the ion which passes

from pole to pole, and therefore the molecule as such, cannot pass

except through ordinary osmosis. The ionic theory therefore

supplants the old doctrine of cataphoresis.

The physiologic effects of the electric current require more detailed

consideration, which will be given in succeeding chapters.
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The natural contraction of muscles is controlled by the central

nervous system. Experimentation on man and mammals has shown

that some fifty distinct impulses per second are sent through the

nerve to the muscle and each single one of these impulses causes a

contraction wave. The so-called "fifty rhythms" of a natural or nor-

mal innervation can be caused only by the action of fifty stimuli

per second on the motor nerve. It can, therefore, readily be seen

that neither stimulation with a high frequency current impulse,

nor the kathode closing tetanus, nor stimulation with time stimuli,

nor strychnia tetanus, constitute an artificial imitation of the con-

traction of normal innervation. In all of these forms of stimulation,

the typical "fifty rhythm" of the natural contraction is absent.

In order to obtain the normal contractions artificially, there must

be a nerve stimulation of the same frequency; and it therefore be-

comes self-evident that the central nervous system itself must send

the innervation discharges of fifty impulses per second to the mus-

cles and the changes of condition in the peripheral organs will be

determined directly by the rhythm impulses traversing the nerve.

The "fifty rhythm" impulse, with its volley like order, is the essen-

tial characteristic of the function of the motor nervous centers and

the innnervation apparatus. With these ideas firmly in mind, we
may consider the physiologic effects of the electric current.

Physiologic Effects of the Electric Current.

Let us first consider the action of the constant current upon

muscles and motor nerves.

301
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When a galvanic current of a certain density is applied to a

muscle, it acts upon this muscle as an irritative, and as a result of such

direct stimulation the muscle contracts. When the same kind of a

current is applied to a motor nerve, it acts as an irritant upon this nerve,

and in consequence of indirect stimulation the muscles supplied

by the irritated nerve contract.

The so-called direct muscular stimulation is in reality a stimulation

of the intramuscular nerve filaments; therefore indirect also. While

it is perfectly true that muscular substance possesses its own special

excitability, it is hot possible in the living human body to excite the

muscular substance directly and alone without the prior production

of a pathologic condition. For this reason muscle and nerve stimu-

lation may be studied together.

The contractions do not take place during the steady flow of

the current, but occur only when its electromotive force is suddenly al-

tered, either by making or breaking the current or by rapidly increas-

ing or rapidly decreasing its strength.

The fact that muscle or nerve stimulation takes place only upon

current fluctuation has thus been formulated by Dubois-Reymond:

It is not the absolute density of current at a given moment, but only

the fluctuation in current density that acts as a stimulant upon

the muscles or motor nerves.

Experiments upon animals have demonstrated that the various

forms of current fluctuation do not produce one and the same

effect. Thus, the reaction upon closure of the circuit differs from

that caused by the opening; weak currents act in a manner other

than do strong ones; and the direction in which the current flows

through a motor nerve (polar relation) has an influence upon the

result.

In order to determine the action of a current upon a motor nerve

of a living animal, the nerve that is to be examined, together with

the muscles that it supplies, is entirely exposed and isolated for

a long part of its course; the two electrodes are then applied directly

to the nerve, as far apart from each other as possible. The current

then being turned on, enters by the positive pole, flows along the

course of the nerve, and takes its exit by the negative pole. If

the current flows toward the proximal part of the nerve (the kathode

being at the proximal part, the anode at the distal part), it is said
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to be ascending; if it flows toward the distal part (the position of

the electrodes being reversed), it is said to be descending.

By means of suitable appliances the current is made and broken

a number of times, and each time that this is done its electromotive

force is increased. With each make and break and increase in cur-

rent the effects produced in the territory supplied by the nerve are

carefully noted. These effects, as already stated, are manifested

by muscular contractions that are compared with each other as

regards their strength, force, and time of occurrence. The method being

exact and the direction of the current predetermined, the results

obtained must be precise and definite. These results were first

described by Pfliiger, and in consequence the law bears his name.

Pfliiger's law is:

1. With weak currents flowing in either direction a contraction

takes place upon closure of the circuit; upon the opening of the cir-

cuit the nerve remains quiescent; the contraction obtained upon the

making of an ascending current is stronger than that obtained upon

the making of a descending current.

2. WT

ith currents of medium strength, flowing in either direc-

tion, a contraction occurs both at the opening and closure of the

circuit; the contraction at the opening is weaker than that at the

closure.

3. With very strong currents a contraction occurs at the opening

of the circuit, and quiescence at the closure, if the current be an

ascending one; while contraction takes place at the closure and rest

at the opening if it be a descending one.

In short, the nerve reacts only at the closure and opening of

the circuit, and remains quiescent during the steady flow of the

current.

More recent investigations, however, have shown that further

phenomena must be taken into consideration. When Pfluger sub-

mitted his law he did not take into account the ionic changes which

take place in the tissues. It is for this reason that certain dis-

crepancies have arisen when a comparison is drawn between the phe-

nomena observed from the constant current and those observed with

condenser discharges. The entire question was in a more or less

confused state until Xernst formulated a theory which was based on

extensive experimentation. Nernst found that an electric current

in its passage through organized tissues causes ionic displacements,
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but that the semipermeable membranes which limit the cells

prevent complete ionization and behave like reversible electrodes.

The concentration of salts which results from the ionic displacements

will of course vary in accordance with whether or not they lie in the

immediate neighborhood of the membranes; and to this concentra-

tion may be ascribed the elicitation of electrical stimulation.

Nernst further expresses this idea in a mathematico-physical

formulae as follows:

A current impulse, for producing a definite alteration of con-

centration—corresponding to a definite intensity of stimulation

—

demands a definite electrical energy.

In order to represent this schematically the formula may be

condensed to read: Impulse: concentration : : e.m.f. : : intensity of

stimulation.

In experimentation the constant current and condenser dis-

charges are both well calculated to demonstrate Nernst's theory.

The condenser discharges require 1.71 times as much energy as the

constant current to produce the same effect. This is a theoretical

assumption based upon numerous experiments. The experiments

themselves do not actually prove that this definite relation exists

but the various deviations are probably due to imperfect technique.

Investigators are still working upon Nernst's hypothesis, and it

seems to us that with slight modification it will supersede previous

theories.

Electrotonus.—These facts are admitted by all physiologists,

but when the attempt to verify them upon the living human being

is made with percutaneous applications, they cannot be corroborated.

This anomaly is, as we have seen, due to the laws of current dif-

fusion and current density, and the obstacles to which it is due

have practically been overcome by the discovery that a galvanic

current applied to a nerve changes the excitability of this nerve so

that a condition of increased excitability is produced in the neigh-

borhood of the kathode; one of diminished excitability in the vicinity

of the anode. This alteration of excitability is known as electro-

tonus; the increased excitability at the kathode being termed katelec-

trotonus, and the diminished excitability at the anode being termed

anelectrotonus.

The stronger the current that is applied, the more pronounced
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will be the variations of excitability ; and they persist so long as the

current flows through the nerve.

A nerve is stimulated when it passes from a condition of lower

excitability to a condition of higher excitability; hence it is extited

when it passes from its normal condition to the katelectrotonic

state, or when it passes from the anelectrotonic state to its normal

condition. Therefore, either the appearance of katelectrotonus or

the disappearance of anelectrotonus will stimulate the nerve.

If, as de Watteville says, we substitute for the terms "katelec-

trotonus and anelectrotonus" the terms "kathodic and anodic

influence," and for the terms "appearance and disappearance" the

terms "make and break," we arrive at the general statement that:

a nerve is stimulated at the kathode when the current is made

;

at the anode, when the current is broken. In other words, there

occurs a closure contraction originating at the point at which the

kathode is acting on the nerve; an opening contraction originating

at the point at which the anode is acting on the nerve.

The practical point that is to be deduced herefrom is that the

excitability of the nerve is dependent entirely upon the diversity of

the action of the poles, and that the direction of the current may
therefore be disregarded. Hence the study of the action of a con-

stant current upon muscles and motor nerves becomes the study

of the effects produced by each pole during current fluctuations.

Inasmuch as the current when passed through the body stimu-

lates at both poles, it is clear that in order to make such study, the

action of one pole must practically be nullified; and hence a special

method of examination must be adopted.

This polar method consists essentially in the employment of

two electrodes of very unequal force: for instance, the one of ioo

square centimeters, the other of 3 square centimeters. The larger

electrode being applied to a region as distant as possible from the

nerve to be examined, the other is placed over or near to the nerve.

It is clear, from what we have already stated in regard to density,

etc., that the stimulation of the nerve due to the action of the

current will thus be less under the larger electrode than under the

smaller one. The larger the surface of one electrode, the more

will its local action be reduced, until its action as a stimulant is

entirely eliminated and it serves simply as a means of completing

the circuit. On the other hand, the local action that takes place
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under the small electrode is the only one visible, and thus becomes

more easily observed. The large electrode is known as the in-

different electrode, or sometimes as the dispersing electrode; the small

one is called the exciting electrode or the localizing electrode.

By reversing the current with the pole changer, this small

electrode may at will be made to constitute the negative or the positive

pole; the make and break of the current are effected by means of an

interrupting handle.

Normal Polar Reaction (Qualitative Reaction).—If we apply the

constant current according to these principles and observe the

sequence of occurrence of the contractions, we shall note that with

a weak current—one just strong enough to produce a visible effect

—

a muscular contraction occurs only when the exciting electrode

is the kathode, and at the moment when the current is made; not

during the time of steady flow, nor at the break of the current, nor

if the exciting electrode is the anode, will any contraction be

observable.

This briefly stated is: the first observable reaction with a relatively

weak current is a kathodic closure contraction (K. C. C).

If the current strength is now increased, the K. C. C. will be in-

tensified, and when the exciting electrode constitutes the anode,

contractions will also occur at the opening and closure of the circuit

;

so that with currents of medium strength we obtain a K. C. C, an

anodic closure contraction (An. C. C. ), and an anodic opening con-

traction (An. O. C. ). The two newly obtained contractions are

always of smaller intensity than the K. C. C. obtained with the same

current strength. Usually the An. C. C. occurs before the An. O. C,
but the An. O. C. has been seen to occur sooner than the An. C. C.

—

very exceptionally in the facial nerve territory, more frequently in

the territories of the ulnar, peroneal, and median nerves, and is a

normal occurrence in the musculospiral distribution. These anodic

reactions are by no means so constant as the kathodic.

A still further increase of current produces a yet stronger K. C.C
one that is so strong and of so long duration as to be tetanic

—

i.e.,

kathodic closure tetanus (K. C. Te.); likewise an increase of the

intensity of the An. C. C. and the An. O. C, and frequently, but not

always, a kathodic opening contraction (K. O. C.) is also produced.

The normal human contraction law, expressed in the above-

noted abbreviations, is, therefore, as follows:
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i. K. C. C.

2. K. C. C—An. C. C—An. 0. C.

3. K. C. Te.—An. C. C—An. O. C—K. O. C.

If, while we are thus studying the law of sequence of the various

contractions, we also pay due attention to the form of the galvanic

contraction, we shall observe that the galvanic stimulation of the nerve

(indirect stimulation) produces a quick, lightning-like contraction of

the normal muscles; and that the contraction takes place immediately

upon the closure or the opening of the circuit, and at once disappears,

giving way to a relaxation of the muscle, even if the current continues

to flow. With very strong currents, however, we have seen that the

kathode closure produces a contraction lasting as long as the current

flows—a tetanus. The main principle governing the form of the con-

traction is that during the flow of a current of medium strength the

muscle remains lax, or uncontracted. This rule applies also to direct

galvanic stimulation, and is one that is of great importance in deter-

mining the normal muscular reaction.

Deviations from this rule may occur, however, and still remain

within the physiological limit. These deviations are governed by

the general principle that the larger and the more massive a muscle

is, the slower will be its contraction. In addition, individual differ-

ences will also be encountered. The muscles of certain persons,

especially of athletes and very large persons, contract more slowly

than do those of others.

So much for the quality of the reactions to the galvanic current.

Quantitative Reactions.—In order, however, to be able to judge

fully whether a certain muscular contraction is normal and physio-

logic, we must not neglect the quantity. This quantity cannot

practically be estimated by the size or intensity of the contraction,

but must be judged according to the minimum quantity of current

that will produce a contraction. The current strength that will

produce the first visible contraction varies for different nerves and

muscles and for different places for the same nerve or muscle. It

varies, moreover, for different individuals; and possibly, also, varia-

tions will be found at different times in one and the same individual,

notwithstanding that this person be in perfect health.

This minimum contraction is our measure of the galvanic excita-

bility of a nerve or muscle, and the weaker the current necessary to

effect such a contraction, the greater is the excitability of the contract-
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ing muscle; and, conversely, the greater the necessary current

strength, the less the excitability. It is hardly necessary to repeat

that due attention must, in such examinations, be given to the current

density.

An exceedingly simple and convenient method of determining

whether the quantitative excitability of a nerve or muscle be physio-

logic is that of comparing the contraction obtained with a current

of a certain density, with a contraction obtained in the correspond-

ing nerve or muscle of the opposite side of the body, by means of a

current of the same strength and of the same density. If, however,

bilateral ajfection be suspected, this method cannot be employed;

and we must then make use of normal individuals as standards of

comparisons. For this purpose the tables arranged by Stintzing

will be found indispensable. These tables represent the results of

innumerable examinations of most of the nerves and muscles of

healthy individuals, with reference to their galvanic excitability.

They give us the average excitability of such nerves ; and this average

is obtained from the lowest to the highest current strength necessary

to produce a minimum contraction of the various muscles in dif-

ferent individuals.

In the use of this table we must not lose sight of the fact that

the boundaries within which the minimal contraction may be ob-

tained from certain nerves are far apart; the galvanic excitability of

the n. peroneus, varying from 0.2 to 2 milliamperes, so that a person

showing a minimal contraction from the n. peroneus on both sides

with 1.75 milliampere current, may still be considered as having a

The Table of Galvanic Excitability

(Arranged by Stintzing)

Lower boundary Upper boundary Average

I. N. musculocutaneus, 0.05 i. N. musculocut..,0.28 I. N. musculocut. ,0.17

2. N. accessorius 0.1— 2. N. accessorius, 0.44 2. N. accessorius, 0.27

3- N. ulnaris I, 0.2 3. N. ulnaris I, 0.9 3- N. ulnaris I, o-S5

4- N. peroneus, 0.2 4. N. mentalis, 1-4 4- N. median, 0.9

5- N. median, o-3 5. N. median, 1.5 5- R. mental., o.95

6. N. cruralis, 0.4 6. N. crural., i-7 6. X. crural., 1 05

7- N. tibialis, 0.4 7. N. peroneus, 2.0 7- N. peroneus, 1.1

8. N. mentalis, 0.5 8. R. zygomat., 2.0 8. R. zygomat., i-4

9- N. ulnaris II, 0.6 9. R. frontal., 2.0 9- R. frontal., i-45

10. R. zygomat., 0.8 10. N. tibial., 2-5 10. N. tibial., i-45

ii. R. frontal., 0.9 11. N. facial., 2-5 11. N. ulnar. II, 1.6

12. N. radial., 0.0 12. N. ulnar. II, 2.6 12. N. facial., i-7S

I.v N. facial., 1.0 13. N. radial., 2.7 13- N. radial., 1.8
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normally excited nerve, or may just as well be looked upon as

having the excitability greatly reduced. Furthermore, we must

remember that this table was obtained with the use of an exciting

electrode, represented by the minimal K. C. C.

Herefrom it will be seen that the nerves possessing the greatest

galvanic excitability are the musculocutaneous and the accessory;

the least excitable are the facial and the radial; while between these

lie the ulnar, the median, the mental, the crural, the peroneal, the

zygomatic, the frontal, and the tibial. These values are inapplicable

to infants, as, according to A. Westphal, the galvanic excitability

in them is so reduced, especially up to the end of the first week of

life, that no limit value of K. C. C. could be obtained.

Alternating Voltaic Currents.—Still greater variations in current

density than are obtainable by making and breaking the current

may be brought about by means of alternations of the current (voltaic

alternations), if possible without any current interruptions. Here

the effects of variations of positive and negative density become

added to each other, the one effect not yet having passed away before

the other is produced; thus we obtain a stronger K. C. C. than the

same strength of current would give with closure and opening; so,

also, the minimal contraction can thus be obtained with weaker

currents.

Faradic Excitability of Muscles and Motor Nerves.

Although it is demonstrable that the negative pole of the secon-

dary faradic current is more efficient in the production of muscular

contractions than the positive pole, it is ordinarily impracticable to

attempt such a differentiation of polar action. This is due to the

alternating character of the current, so that what at one moment
is the kathode, at the next moment becomes the anode. The dif-

ferent poles are, therefore, as a matter of fact, used indiscriminately

in actual medical applications, and a faradic polar contraction law

has no existence.

The contraction that is produced by this current is tetanic; the

muscle contracts at the moment when the current is allowed to flow

through the tissue, and relaxes only when the flow of current is in-

terrupted. As the secondary faradic current is made up of a sum
of momentary single dynamic currents, this tetanic contraction of

the muscles is due to a summation of the effects of the single stimu-
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lations. The muscle responds to these momentary dynamic cur-

rents by a lightning-like contraction, but each succeeding contrac-

tion follows upon the preceding one with such rapidity that the

one has no time to pass away before the next has been produced.

Condenser Discharges.—When a condenser is made to dis-

charge through a muscle a contraction of the muscle takes place.

This phenomenon is not new and as early as 1888 Baudet conceived

the idea of making use of it in electrodiagnosis. More attention has

been given to it recently until a definite apparatus and method of

procedure have been devised.

The foundation for the use of condenser discharges is based on

the laws formulated by Dubois and later by Nernst. Dubois has

shown that the contraction of a muscle varies directly in propor-

tion to the increase in potential and decrease in capacity of a con-

denser. Therefore, the greater the potential of a condenser the

smaller need its capacity be in order to produce a reaction.

It becomes desirable to use condensers of sufficient potential and

capacity to produce minimal results. But if a normal muscle be

found to react to a discharge of a given voltage and capacity it will

be found that a muscle which has undergone degeneration will

require a condenser of greater capacity to stimulate it. When the

capacity is increased the duration of the discharge only is increased,

and the potential or voltage remains the same. The discharge of

a condenser of low capacity is akin to the interrupted current and

the greater the capacity is increased, the more the discharge

approaches that of the continuous current.

In view of this it has been found that condenser discharges are

most useful in the examination of muscles and nerves and attempts

have recently been made to devise an apparatus that should super-

cede the ordinary galvanic apparatus for the examination of muscles

and nerves. The main essentials for such an apparatus are those

described by Doumer, which are as follows:

1

.

Two condensers of different capacities.

2. A resistance of the same order of magnitude as the resistance

of the human body, namely, from one thousand to three thousand

ohms.

3. A voltmeter capable of registering half volts.

4. A serviceable potential reducer which enables one to vary the

potential without interruption.
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5. A current reverser.

6. A charger and discharger.

7. Electrodes. One large and broad to be known as the indif-

ferent electrode, the other small and termed the explorer. These

should be applied with constant pressure.

Modifications of this form of apparatus have been recommended
but the principal modification consists in the number of condensers.

It is now accepted that about ten condensers should be used instead

of two. Each of these condensers should vary in capacity from 0.0

1

farads to 0.1 farads. The source from which these condensers may
be charged should have an electromotive force of about one hundred

volts. The electrodes are applied as usual. The large and indif-

ferent electrode should be placed on an indifferent portion of the

body and the explorer should be placed on the motor point. The

Fig. 240.—Key for Discharging Condensers.

most convenient charger and discharger is made in the form of a

telegraph key which rocks on a central pivot. In this way when the

key is at rest, the condenser is charging and when the key is pressed

down the condenser is discharged (see Fig. 240). The condenser of

lowest capacity is used and discharged in the manner described.

In normal conditions a rhythmical longitudinal contraction of the

muscle from its origin to the tendon is effected. If, however, a

degeneration has taken place, the condenser of low capacity will be

insufficient to excite a contraction. The condenser of next highest

capacity will have to be used and so on until a contraction is elicited.

In this way one can determine exactly the quantity of electricity

that is required to cause a contraction of the muscle that is under-

going degeneration. It can readily be seen that this method of

examination is more nearly exact than any of its predecessors.
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In the healthy muscle tissue the muscular contractions from the

various condensers of increased capacities are all the same with the

exception that when the greater capacities are used the contraction

is the strongest. In muscles that are more or less altered, no re-

sponse to the low capacities is obtained but we soon find a condenser

of sufficient capacity which will cause a minimal contraction of the

muscle. With a little experience and practice this can easily be

carried out and gives a more accurate method for the determination

of a partial degeneration.

Motor Points.—In consequence , of these tetanic contractions,

which are also proportional to the frequency of interruption and

strength of the current, the faradic current will serve us best for a

study of the points upon the surface of the body from which the

various muscles can be excited most easily. The discovery of the

fact that the muscles possess specially excitable points is due to

Duchenne, and it has since been shown that these points corre-

spond to the points of entrance into the muscles of their motor

nerve branches.

Von Ziemssen has further shown that a muscle is excitable not

only from such place of entrance, situated at its edge, but also by

a stimulation of the nerve at any point from which it is accessible;

that is to say, wherever the nerve lies close to the surface of the

muscle. In accordance herewith the most excitable points of the

nerve-trunks will be those places at which they are most acces-

sible

—

i.e., where they lie nearest to the surface of the body.

The topography of these excitable or motor points of the muscles,

as well as the nerve-trunks, has been carefully studied and mapped

out by von Ziemssen. It is essential, for the purposes of diagnosis

and treatment, that the location of these points on the surface

of the body be impressed upon the memory; illustrations and

necessary descriptions of them will be found in the chapter on

diagnosis (pp. 356 et seq.).

Quality and Quantity of Reaction.—Attention must be given

to the quality of the contraction obtained by means of faradic

stimulation, as well as to its quantity. In quality the physiologic

faradic contraction is quick, firm, and tetanic. Its quantity is

again best determined by the standard of the minimal strength

of current requisite to produce a contraction. As we know, there is

no absolute measure for the faradic current, and its strength can
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be estimated only by means of the scale affixed to each apparatus

and indicating the extent to which the primary coil is covered by
the secondary.

In order to determine whether a faradic contraction is quanti-

tatively physiologic, we may, as in the galvanic contractions, com-

pare the strength of the current requisite to produce this with the

current strength necessary to obtain a similar contraction in the

symmetrically located muscle of the opposite side; or, should no

such healthy symmetrically located muscle be available, we may
make use of the table that Stintzing has constructed for the fara-

dic current in the same manner as he has done for the galvanic.

This table is as follows

:

Faradaic Excitability of Nerves.—(Stintzing)

Boundaries

Upper

' i. N. accessorius, 145

2. N. musculocutaneus, 145

3. N. mentalis, 140

4. N. ulnaris I, 140

5. R. frontalis, 137

6. R. zygomaticus, 135

7. N. median, 135

8. N. facialis, 132

9. N. ulnaris II, 130

10. N. peroneus, 127

11. N. cruralis, 120

12. N. tibialis, 120

13. N. radialis, 120

It is hardly necessary to repeat that these figures are only appli-

cable to Stintzing's standard coil, so that they must be modified

accordingly when any other than such standard apparatus is used.

Galvano-faradic Currents.

The action of the galvano-faradic or combined currents partakes

of the characteristics of the individual currents, but the effect of each

is enhanced. It acts upon both the motor and sensory systems and

has also an effect on the nutrition of the parts. In the motor sys-

tem its action is noticeable both on the smooth and striated muscles.

Galvano-faradic excitation causes equal contractions of smooth

muscle tissue regardless of whether it be the anode or the kathode

^ower Average

130 137-5

125 I35-0

125 132.0

120 130.0

120 128.5

"5 125.0

no 122.5

no 121.

107 118. 5

103 115.

103 in.

5

95 107 -5

90 105.0
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that is used as the exciting electrode. But in each case the con-

tractions elicited are more pronounced than they would be if the

same strength of either current were used separately. This same

is true of striated muscle tissue. It is very difficult to analyze the

exact result of the combined current because the ionization of the

galvanic element and the electrotonus of the faradic component

occur simultaneously.

The effect of the combined current on sensibility is identical

with that of the faradic current, but here again it is somewhat

intensified by the tension of its galvanic accessory.

Bordier has demonstrated that the galvano-faradic current when

allowed to flow for a time through a muscle, causes that muscle

to increase in size. This increase in size persists for a considerable

time after the application. Repeated applications will, he finds,

cause a permanent increase in the size of the muscle. He therefore

concludes that the combined current has a favorable trophic action

on muscular nutrition.

In order to demonstrate this change of gases in the tissues,

d'Arsonval has performed some experiments on animals. All of

his experiments have demonstrated that such an increased change

of gases does take place, and of late this fact has been utilized

therapeutically.

Several authors also have given their attention to the penetra-

tion of ions as caused by the sinusoidal current. But this form of

penetration differs radically from that caused by the continuous

current. With the continuous current the iontophoresic is unidirec-

tional, because the current flows only in one direction. But with

the sinusoidal current the polarity is constantly changing, and the

result is that penetration of the ions takes place at both poles

(Labutat).

When the sinusoidal current was first brought to the attention

of the medical practitioner, it was thought that a great deal could

be accomplished with it, but it was soon found that the same effects

could be produced equally well, or even better, by the use of other

and simpler forms of electromotive force. For this reason little

attention has been given to the study of the physiological effects of

the sinusoidal current. In practice, however, the sinusoidal cur-

rent is able to do all the work of the faradic current, whether

diagnostic or therapeutic, with much less discomfort.
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Sinusoidal Currents.

There are several physical peculiarities possessed by the sinu-

soidal current that cause it to act differently upon the body from

other forms of current. As we have learned, the increase and de-

crease of electromotive force in this form of current are gradual

and uniform, never abrupt or sudden, in their alternations. The

number of alternations in a second, the degree of electromotive force,

and the quantity of current are all-important factors in determining

the physiologic effects. The uniformity of the alternations and the

rapidity with which they take place give the current its peculiar

powers. The first factor robs the muscular contractions, due to

the electric stimulation, of their disagreeable sensations; neither

muscle nor skin responds by pain to this form of stimulation.

If a current of few alternations and but slight rise and fall of

electromotive force be employed, neither nerve nor muscle will

be stimulated. There result neither pain nor muscular contrac-

tion. When, however, the form of the wave is changed, so that the

rise and fall are greater, every wave will produce a gradual contrac-

tion and relaxation of the muscle. If, then, the number of alterna-

tions be increased, not only will the number of the contractions be

augmented, but the single contractions will run one into the other

until, with a certain frequency, the muscle remains in a condition of

permanent contraction. The muscles of the human body require

from twenty to thirty stimulations a second for such tetanization.

If, with the muscle in the state of tetanic contraction, the number

of alternations be yet further increased, the intensity of the muscular

contraction will be augmented, but without production of pain.

The physiologic response of the muscle by contraction has a limit,

however, and when the number of alternations has reached from

2500 to 5000 a second, the phenomena of stimulation begin to dis-

appear, and the time comes when the alternations are sufficiently

rapid for the current to pass with no appreciable effect upon the organ-

ism. Nutritional modifications, evidenced by a greater absorp-

tion of oxygen and a greater elimination of carbonic acid, are caused

by the action of this form of current.

These latter effects are probably secondary to, and dependent

upon, the increased muscular activity and analgesic influence of the

current.
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Franklinic Currents.

The exciting action of the franklinic electricity upon muscles

and motor nerves depends entirely on how the discharge is applied.

According to Schwanda, the currents obtained from a Holtz machine,

and applied through condensers and an air gap of 5 millimeters,

produces clonic contraction of the muscles; an increase in the air

gap increases the strength of the clonic contractions until a gap of

12 millimeters has been made, when tetanus occurs. The spark

may be used to produce a localized limited stimulation, so that, as

Schwanda says, a comparison may be made between the spark and

the smallest exciting electrodes, and every such single discharge

is followed by a lightning-like muscular contraction. The static

induced current of Morton produces marked and persistent muscular

contractions when applied to a motor point; if applied along the front

of a motor nerve, it causes contraction of a group of muscles supplied

by this nerve. The contraction, aside from the subjective sensa-

tions of the patient, is similar to that obtained from a faradic coil

of a very high number of interruptions.

The physiologic action of static electricity may be summed up

by stating that according to the manner of its application it pro-

duces effects similar to those of the faradic current or to those

of high frequency currents. These are the usual nerve and muscle

reaction, stimulation of the peripheral distribution of the sensory

nerves, and metabolic changes.

Hertzian Franklinization.

The physiologic action of Hertzian Franklinization has not been

carefully investigated and therefore little is understood about it.

The salient features of this form of current are the facts that its

application causes strong muscular contractions and slight sensory

disturbances. When the terminal part of the so-called pistol elec-

trode is applied to skin, the subject feels little or no pain, but at each

discharge of a spark between the two balls he experiences a shock

which is caused by the energetic contraction of the muscles in

the immediate vicinity. There are also more remote effects from

this form of electrification. Bordier has shown in his experiments

that if in a dog percutaneous electrification with this current be

tried, each shock is accompanied by energetic contractions of the

stomach and rectum and for this reason this form of electrification
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has been advocated to stimulate deep organs such as the intestines

and stomach. It would seem that Hertzian Franklinization affects

equally both the smooth and striated muscles.

The most energetic action can be obtained if the exciter be nega-

tively charged. In order to obtain this the electrode must be at-

tached to the external armature of that condenser which is connected

with the positive collector of the static machine.



CHAPTER III

ELECTROPATHOLOGY OF MOTOR NERVES AND
MUSCLES

Quantitative Deviations. Qualitative Deviations. Mixed Deviations.

Excess and Diminution of Excitability. Modal Change of Contraction.

Alteration of Polar Formuh. Reaction of Degeneration. Remak-

Doumer Reaction. Myotonic Reaction. Myoclonic Reaction. My-
asthenic Reaction. Neurotonic Reaction. Other Aberrations.

Pathologic Alterations of Nerve and Muscle Reactions.

Under certain circumstances disease of the motor conducting

tract causes alterations in the electric reactions of motor nerves

and muscles.

Such alterations may affect the quantity, or the quality, or both

the quantity and the quality, of the muscular contractions.

Quantitative deviation from the normal occurs either as an

increase or as a diminution, and even abolition, of excitability.

These alterations may be present to one or the other, or, what is

more frequent, to all forms, of electric excitation.

When a muscle or motor nerve responds with a minimal contrac-

tion to a smaller current strength than is normally the case, we
speak of an increase of electric excitability. Such an increase of

excitability can be recognized in unilateral affections by the occur-

rence of a minimal muscular contraction, through excitation by

means of a smaller quantity of current than is necessary to produce

a similar contraction in the corresponding muscle of the healthy

side. In bilateral affections such an increase of excitability may
be said to exist when the minimal contractions are produced with

currents of less strength than the minimal amount of current given

in the tables as necessary to produce contraction from the nerve or

muscle in question.

When the exciting current is nearly or quite as small as the

minimal current given in the tables, we are warranted in suspecting

such an increase of excitability. Particularly instructive are those

31.8
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cases that show a pure quantitative increase of excitability to

galvanic stimulation, without any accompanying qualitative change

whatsoever. Here the contractions follow in the normal sequence;

the form of the contraction is physiologic; but each contraction to

polar stimulation occurs sooner and is produced with less current

than should be the case. In such cases we are able to obtain con-

tractions that could not be obtained under normal conditions, be-

cause the current strength necessary to produce them would be too

great to be endured; we should, for instance, in such a case obtain

a K. C. C. with a fraction of one milliampere, the An. C. C. with a

current but slightly greater, the K. O. C. and K. C. Te. with a

current strength that perhaps equals that which, under normal

conditions, would produce only a K. C. C. Here, then, with very

strong currents, An. C. Te. and even K. O. Te. may be obtained.

Much more frequent than the increase of excitability of nerve or

muscle, is the condition of decreased excitability. Such decrease

is recognized in unilateral and bilateral affections respectively by
testing in the same manner as for an increase; when it is observed

that a stronger current is necesssary in order to produce a minimal

contraction than is normally the case, the sequence of the contrac-

tions, as well as their form, remaining unaltered.

Such decrease may be of all degrees, up to an actual loss of

electric excitability, in which condition it is impossible, by means

of any form of current or with any current strength, to obtain a

contraction of any kind.

Qualitative disorders of excitability consist in deviations from the

physiologic type of the contraction sequence, or of the form of

contraction. Purely qualitative disorders of excitability are of

infrequent occurrence. For this reason their description is best

deferred until we have studied the combination of qualitative

and quantitative disorders.

Herein the quantitative disorders consist of: (a) Diminution and

loss of the faradic and galvanic excitability of the nerves; (b) diminu-

tion and loss of the faradic excitability of the muscles; (c) either an

increase or a decrease of the galvanic excitability of the muscles.

The qualitative disorders consist of: (a) Slowness of the galvanic

muscular contraction; and (b) deviations from the normal sequence

of the galvanic contraction formula.

This complicated anomaly of excitability, which is associated
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with the anatomic process of neuromuscular degeneration, and whose

gradual amelioration, with return to a normal state, accompanies

the process of regeneration, has been called by Erb the reaction of

degeneration (R. D.).

Reaction of Degeneration.

In accordance with the extent of degeneration, as well as with

the rapidity or slowness of its development, a variety of forms of

reaction of degeneration may be differentiated, and we may thus

have complete and incomplete forms. The former are subdivided

into severe, medium, and light grades. In order to understand these

conditions better, let us study the course of such reaction of degen-

eration in cases of pressure paralysis of the musculospiral nerve,

and take:

i. Cases Showing Complete Reaction of Degeneration of a

Light or Medium Degree.—Here, at the very beginning or shortly

after injury to the nerve, no disorder is noticeable. But such dis-

order, in view of the fact that it keeps pace with the development

of the degenerative process in the nerve and in the muscles, will

first become demonstrable when this degenerative process has be-

come developed—that is to say, after the lapse of several days (usually

from five days to a week) after the injury. At this time it becomes

evident, through electric stimulation of the nerve as well as of the

muscles themselves, that the excitability of these nerves and muscles

is reduced. Stronger currents, faradic and dynamic, are required

to effect the minimal contraction of the muscles through indirect

and direct stimulation, than is normally the case. Often this re-

duced excitability to direct muscular stimulation does not become

apparent until after the reduction of indirect excitability has ex-

isted for several days; the form of the muscle contraction, as well as

the contraction formula, as yet remains unaltered.

Such a diseased or injured musculospiral nerve, examined at a

later period, perhaps between the second and third weeks of its

involvement, will show complete loss of excitability to both the gal-

vanic and faradic currents. The muscles, when directly stimulated,

will give absolutely no response to the faradic current; on the other

hand, they have not only retained their galvanic excitability, but

also show an abnormally increased response to such stimulation.

At the same time it becomes apparent that the contractions thus
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obtained have changed in quality; they are no longer quick and

fulgurating in character, but take place in a slow, lazy manner.

The mode of contraction has become altered, a modal change having

taken place—the contraction sets in slowly and passes away slowly.

While, now, the loss of nerve excitability and the loss of faradic

muscle excitability, with its concomitant increase of galvanic excit-

ability, have taken place, and the obtainable muscular contractions

have become modally altered, we often, at this stage, also find

a characteristic deviation from the normal contraction sequence.

The An. C. C. has become greater and is obtainable with the same

current strength as the K. C. C, or the first response to a minimal

current may be an An. C. C, or even an An. O. C. This reversal

of the contraction formula is not infrequently absent, and we would

lay special stress upon the fact that it is by no means an essential

symptom of reaction of degeneration, as is assumed by many.

The pathognomonic symptom of reaction of degeneration is the

slow and lazy character of the contraction.

In the exceptional cases with retained faradic and franklinic

excitability of the degenerated muscle, the response to stimulation by

these currents also is modally altered.

At this period the excitability of the muscles to mechanical

stimulus also is frequently increased, the character of the muscular

response to this form of excitation being likewise slow and torpid.

After this stage has lasted for some time—in mild cases from

two to six weeks, in severer forms from two to six months or even

longer—the nerve begins to regenerate, and with this process the

electric signs of regeneration come into evidence.

Gradually, the galvanic and faradic excitability of the nerve and

the faradic excitability of the muscles return; the abnormally in-

creased galvanic excitability of the muscles diminishes; the patho-

logic character of the contraction becomes effaced, losing its torpid

mode, until finally the normal quick and fulgurating quality is

restored. If a reversal of the contraction formula has been present,

this also gradually disappears; An. C. C. becomes equal to K. C. C,
then K. C. C. again predominates, and herewith every symptom
of this remarkable complex has disappeared.

If our cases instead of being of this type are

—

2. Cases Showing Complete Reaction of Degeneration in a

Severe Degree, all the stages of the preceding instance are observed
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until the signs of regeneration should appear, when, instead of a

state of regeneration, we encounter one of cirrhosis of both nerve

and muscle in which the anatomic character of both tissues is lost;

the cellular elements of the endoneurium and perineurium having

become transformed into spindle cells and connective tissue, and the

muscle undergoing a secondary but similar process. Under such

conditions regeneration is impossible, and this stage becomes clini-

cally characterized by a permanency in the loss of indirect fara-

dic and galvanic and direct faradic muscular excitability.

The increase of direct galvanic muscular excitability diminishes,

as in the cases of slighter degree, but instead of a return to the

normal state, the decrease grows more and more pronounced, until

excitability becomes subnormal; the character of the muscular

contraction during this period shows no appreciable change, or if

any change is evidenced, it is one of increase in slowness and torpidity

of contraction. Finally, no contraction of any kind is obtainable

with even the strongest current.

The pictures just given are so unmistakable that reaction of

degeneration should easily be recognized whenever met with, and this

would be so were we always dealing with typical cases.

Not always, however, is the reaction of degeneration as encoun-

tered practically, so clear and precise as we have here pictured it;

on the contrary, the cases showing complete reaction of degene-

ration are always in the minority, and the majority of cases met

with in practice are those of

—

Partial Reaction of Degeneration.

In these forms, the course during the first week is the same as

that already given; in the second week, however, no loss of ex-

citability sets in; faradic stimulation of the nerve, as well as of the

muscle, elicits only a reduced response, or frequently even a normal

one. The galvanic muscular reaction, on the other hand, is clearly

degenerative. After the lapse of a few weeks or months all reactions

have again become normal.

Cohn very properly calls attention to a "malignant" form of

partial reaction of degeneration. Insufficient stress has hitherto

been laid upon this form. Here the reduction of indirect and direct

faradic excitability persists for months or years, the response to

the induced current becoming slowly more and more reduced,
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but never entirely lost. During this time the galvanomuscular

excitability, which has been increased, diminishes to normal, then

goes below normal, while the contraction retains its torpid character.

This condition may remain permanently, or, after many years, com-

plete extinction of all excitability may supervene.

Modification of Reactions of Degeneration.

Although Erb's and Remak's laws of the reaction of degeneration

have never been superseded, still further investigation has shown,

that greater information as to the condition of altered muscle can

be obtained from the altered electric reaction. Doumer found that

within a short time after the injury of a nerve, and before reaction

of degeneration had set in, alterations in the contraction of the muscle

could be obtained by the shifting of the exploring electrode away from

the motor point and toward the insertion of the muscle. Huet con-

tinued these observations and showed that throughout the duration of

a reaction of degeneration it was much easier to secure contractions

.

of the muscle if the current be made to traverse the muscle in its

entire length, rather than by simply allowing the current to enter

at the motor point. He further found that as the exciting electrode

was applied from point to point along the muscle itself, the contrac-

tions became more violent as the electrode approached the tendon;

in other words, in such a condition we would find that the motor

point has been displaced from its normal position toward the muscular

insertion and when this occurs it has been termed the Remak-Doumer
reaction.

The importance of this reaction is manifest because it appears

very soon after nerve injury and continues throughout the course of

degeneration. It also persists while regeneration is taking place

and is present for some time after the muscle has recovered. This

reaction has been utilized as a matter of prognosis and by means

of it one can determine whether a lesion is improving or increasing.

If the condition is improving the motor point will be found to be shift-

ing from the tendon toward the site of the normal motor point.

If, however, the new motor point keeps shifting gradually more and

more toward the tendon and the contractions grow more and more
feeble, the lesion is increasing and the prognosis is correspondingly

unfavorable.

In an increasing degeneration of a muscle, the contractions not
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only become more feeble and more sluggish, but the Remak-Doumer
reaction is the last form of electrical excitability to exist until total

destruction has taken place.

Another modification of these reactions is derived from a compari-

son from the opening and closing the contractures of the kathode under

normal conditions. The kathodal closing contraction is greater than

the kathodal opening contraction, but when degeneration is taking

place, it is found that at a certain stage the kathodal closing con-

traction equals the kathodal opening contraction. This was first

described by Rich and is known as Rich's reaction.

A Disorder of Muscular Reaction that shows quantitative and

qualitative anomalies is the myotonic reaction. This is the name
given by Erb to the sum of the responses to mechanical and electric

stimulation found in Thomsen's disease (myotonia congenita).

Here we find normal mechanical, faradic, and galvanic excit-

ability of the motor nerves and an increased mechanical, faradic,

and galvanic excitability of the muscles. To direct stimulation

with the galvanic current the muscles react only with closure

contractions, and these are as strong with the anode as with the

kathode; the contractions are always slow, tonic, and prolonged.

To direct faradic stimulation they respond with a perfectly normal

contraction so long as minimal currents are employed, but when the

current is increased, the muscular response becomes one that persists

as a tonic contraction for a long time—up to twenty seconds—after

the current has been removed. Single faradic opening shocks, no

matter how strong, produce only quick, lightning-like contractions.

In many muscles strong faradic currents produce irregular undu-

lating contractions; and strong galvanic currents, so passed that the

current flows steadily without fluctuations, produce wave-like move-

ments that arise in the muscles at the negative electrode and pass

along to the positive electrode.

A deviation from the general formula of the reaction of degenera-

tion takes place under certain conditions. Sometimes it will be

seen that a paralyzed muscle will give no response whatsoever to the

faradic current, but when tested with the galvanic current, the muscle

will become completely tetanized and this tetanization will persist as

long as the circuit is closed or until the muscle is exhausted. When
the circuit is open the muscle slowly relaxes. This condition may
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be seen in muscles where the nerve has recently been injured and it

has also been noted to occur in Thomsen's disease and in myopathies.

Other Disorders of a Quantitative and Qualitative kind are of

so little practical importance that a brief mention of them will suffice.

They are of two classes. The first class is characterized by a re-

duction or absence of a maximal contraction, and is usually associated

with a contraction of the muscle in single bundles. Whereas the

motor response of a normal muscle to electric stimulation consists

in a minimal contraction that increases in strength in proportion to

the strength of the exciting current until it obtains a certain maximum,

we here find that the muscular response to a current is comparatively

normal, but that the contraction does not increase in strength with

an increase of current; the contraction produced by very strong cur-

rents being no greater than that caused by the weakest current

capable of eliciting a response.

To this quantitative change is frequently added one of quality, in

which the muscle contracts, not as a whole, but only in part, so that

while certain bundles respond to stimulation, the bulk of the muscle

remains inert. These anomalies are usually encountered in combina-

tion, but they may be met with singly, or the one or the other, or

both, may occur associated with the reaction of degeneration.

The second class of disorders of a quantitative and a qualitative

kind consists of the myoclonic contractions, which are only encoun-

tered upon faradic stimulation. There is then clonic contraction of

the muscular substance, one contraction rapidly succeeding another

during the entire time of stimulation, instead of the normal, lasting,

tonic contraction of the muscle.

The Purely Qualitative Disorders of Muscular Reaction,

consideration of which has been deferred, are the myasthenic and

neurotonic reactions.

The myasthenic reaction shows itself by the production of a

normal tetanic contraction when the affected muscle is first stimu-

lated by means of the faradic current, which becomes less intense

and of shorter duration with every consecutive stimulation, until

finally, after it has been repeatedly stimulated, the muscle becomes

exhausted and no longer responds at all. After a short rest, during

which the muscle regains its excitability, the same rapid faradic

exhaustibility may again be demonstrated.
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The neurotonic reaction consists in a tonic persistence of contrac-

tion, after the current has been broken, upon galvanic and faradic

stimulation of the neroe alone, in contradistinction to the myotonic

persistency that follows faradic stimulation of the muscle; and

in exaggerated anodal response, as shown by the early occurrence

of An. O. C. and An. C. Te., as also in the ease of production of

An. O. Te.



CHAPTER IV

ELECTROPHYSIOLOGY AND ELECTROPATHOLOGY OF
SENSORY NERVES AND REFLEX CONTRACTIONS

Electrocutaneous Sensibility. Measurement. Erb's Table of Faradic

Sensation. Polar Formula ofGalvanic Sensation. Pathologic Changes.

Electrocutaneous Reflexes. Physiologic Electric Reflex. Pathologic

Alterations.

SENSORY NERVES

The sensibility of the skin to electric stimulation varies both

quantitatively and qualitatively, according to the nature of the elec-

tromotive force employed. Thus, a mild galvanic current, especially

when the negative pole, as constituted by an uncovered dry metallic

electrode, is applied to the skin, physiologically produces an electro-

cutaneous sensation that is characterized as burning; while that

produced by a mild faradic current may be described as of a peculiar

creeping or crawling character. With stronger currents these sensa-

tions become accentuated to actual pain, which, upon further in-

crease of current strength, becomes intolerable. The primary induced

current, in which all current impulses proceed from one direction, is

much more painful than the secondary.

We are therefore able to speak of a minimal electrocutaneous

reaction, as we have previously spoken of a minimal electromuscular

reaction. As in the case of the motor nerve, in which we found and

noted the first obtainable muscular contraction to a minimal current,

so also in the case of a sensory nerve we must find the minimal strength

of current necessary to cause a first sensory perception. The methods

of doing this are the following:

For the galvanic current we may, according to Bernhardt,

make use of a wire brush attached to the kathode. The sponge-

covered anode being held in the patient's hand or placed upon the

sternum, we introduce a rheostat in shunt and increase the resistance

327
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until a distinct sense of pain is perceived at the kathode. The
quantity of rheostat resistance employed would give the minimal pain

sensation in comparable figures. On account of the variability of

the current strength, due to the varying resistance of different parts

of the skin, this and other methods are unsatisfactory and not to be

depended upon.

The examination by means of the faradic current is conducted

by using the active, or examining, electrode upon the portion of the

skin to be examined, the indifferent electrode, which should be

large and covered with a well-moistened sponge, being placed

at any distant part. Especially strong sensations may be pro-

duced by the use, as active electrode, of a faradic brush upon the

dry skin {electric moxd).

The electrodes having been placed in position, and the current

being turned on, the secondary coil, which must at first cover the

primary one only so far that the patient feels nothing of the cur-

rent, is then slowly pushed forward over the primary, until the very

first sensation is perceived. The distance given on the millimeter

scale indicating the separation of the two coils is noted, and the

same procedure is then carried out upon the corresponding part of

the skin on the opposite side of the body. The two results should

agree. Erb's exciting electrode, which is the best for this purpose,

consists of a bundle of 400 metal threads separated from one another

by insulation, and tightly incased in a hard-rubber tube of about

three square centimeters area in cross-section. At the one end

they are soldered to the metal conductor of the electrode handle,

while the free end is smooth, so that all the points are upon one

plane. When placed upon the skin this electrode gives the im-

pression of a smooth surface; but so soon as the current is allowed

to pass, it affords means of entrance to 400 minute currents con-

densed upon three square centimeters' surface of the skin.

Erb has constructed the table of normal faradic cutaneous

sensibility (page 329), which he considers trustworthy and ser-

viceable for comparison; of course, it is so only with a standard

coil.

In examination of the motor nerves we found the point of appli-

cation to be of importance, but for electrocutaneous sensibility this

is a perfectly negligible factor, the same sensation being produced at

whatever point in its course the nerve be excited.
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First sensation Marked pain
Place of examination with a perception with a

separation of separation of
coils of coils of

Cheek, 200-220 mm. 120 mm.
Neck, .... 180-200

"
120

Arm, 200
"

120

Forearm, 190
"

115

Dorsum of hand, 175 no
Points of fingers, 125 90

Abdomen, 190
"

120

Leg, 170 no
Dorsum of foot, 175

" no
Sole of foot, 1 10

"
80

Sensory Perception Law.

The physiologic contraction formula of muscles has been found

to apply also to sensory nerves. With a galvanic current of increas-

ing strength the first perception noted is that of K. C. sensation;

next in order follows An. C. sensation, which in turn is followed by
An. O. sensation, and with further increment of current a K. O.

sensation is produced. Recently Bordier has subjected the older

results to experimental review, and has found the sequence to be

correct as given—K. C. S., An. C. S., An. O. S., K. O. S.

Under pathologic conditions the excitability of sensory nerves,

except so far as will be mentioned later, becomes only quantita-

tively altered, and no qualitative change is demonstrable. Increase

and decrease of electrocutaneous sensation and pain perception are

termed respectively electric hyperesthesia, electric hyperalgesia,

electric hypalgesia, and electric analgesia.

Electromuscular Sensibility is manifested by pain during muscular

contractions, caused more particularly by electric stimulation with

strong faradic currents.

Electrocutaneous Reflexes.

Intimately associated with electric stimulation of sensory nerves

are the reflex contractions that ensue upon electrocutaneous stimu-

lation. That reflex contractions may be produced by electric ap-

plications, as well as by other methods of irritation of the skin, is

undoubted; but the majority of such manifestations thus far de-

scribed have been noted only in single pathologic cases and have

as yet no diagnostic significance. Thus, R. Remak was able to

produce galvanotonic reflex contractions, lasting so long as the cur-
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rent passed, in the healthy side of old hemiplegics when the current

was applied to the paralyzed side. In the contractured extensors

of the arms of such hemiplegics he was able also to produce a similar

phenomenon by galvanic stimulation of the crural nerve and its

branches or of the sciatic nerve upon the same side, and also to obtain

crossed reflexes in cases of tabes.

Crossed reflexes, so-called, in the face, have been described by

Benedict; diplegic ones by R. Remak, Drissen, Erb, Eulenburg,

Moritz Meyer, and others, while Graiipner, in a case of supposed

transverse myelitis, noted an abnormally increased reflex that was

produced by mechanical stimulation of certahr sensory nerves, but

could also be elicited by electric stimulation; and in the latter

instance responded differently to the negative and the positive poles,

as likewise to interrupted and constant applications.

Physiologic Electric Reflex.

The only reflex that is physiologic, and as it can be produced by

galvanic stimulation alone, is therefore an electric reflex in the

truest sense, is the one that the senior author described in 189 1.

If a large indifferent electrode be placed upon the sternum or any

indifferent point, and a small button-shaped electrode, attached to

an interrupting handle, be placed upon the anterior radial surface

of the forearm, just above the wrist, a K. C. with 4 to 10 milliam-

peres of current produces a quick, lightning-like contraction in the

levator menti and quadratus menti muscles of the same side, occur-

ring apparently simultaneously with the making of the current and

in no way differing from a contraction of the muscle produced by

direct stimulation. This reflex, as shown by my original observa-

tions and innumerable ones since then, can be observed in more

than 70 per cent, of healthy individuals. It is physiologically a

K. C. reflex, and cannot be produced by anodal closure with the

strongest current, excepting under pathologic conditions.

The reflex is obtained from stimulation of the skin over the ante-

rior radial side of the wrist, supplied by the palmar cutaneous nerve,

derived from the median (Fig. 241, CP); the skin over the lower

radial half of the forearm, which is a little more than one-third of

the part supplied by the musculocutaneous (Fig. 241, CL); the

skin of the palmar surface of the thumb, index, and radial half of

the middle finger and of the radial side of the palm, to a line drawn
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upward from the middle of the median to the wrist-joint (Fig.

241, ME).
The reflex can also be obtained upon the dorsal surface, from the

skin supplied by the musculocutaneous nerve (Fig. 242, CL), and with

stronger currents from the entire dorsal surface of the hand supplied

by the radial nerve (Fig. 242, RA).

Cps

Cpe

%M

Fig. 241.—Cutaneous Distribution of Fig. 242.—Cutaneous Distribution of

Nerves of Upper Extremity (Anterior Nerves of Upper Extremity (Posterior

Surface). Surface).

Pathologic alterations of this reflex occur as follow: an anodal

reflex may be obtained in addition to the kathodal, and this

anodal reflex may even occur before the kathodal; the quality of the

muscular contraction may be changed, becoming sluggish instead

of quick. It thus appears that qualitative and quantitative changes

in the electric excitability of the sensory part of the reflex arc may be

demonstrated objectively.



CHAPTER V

ELECTROPHYSIOLOGY AND ELECTROPATHOLOGY OF
NERVES OF SPECIAL SENSE AND VASOMOTOR

AND SECRETORY NERVES

Taste. Sight. Hearing. Voltaic Vertigo. Smell. Vasomotor Nerves.

Tropic and Secretory Nerves.

Still more than the sensory nerves of the skin do the nerves of

special sense respond to galvanic stimulation, each with its own
specific quality.

Taste.

A taste perception is produced by the passage of the galvanic

current not only when the tongue itself is directly stimulated,

but particularly when the current is applied to the nape of the neck.

This perception is described as an acid, metallic taste when the

anode is placed upon the cervical region; as alkaline and bitter when
the kathode is so placed. These descriptions are given uniformly

by every observant person. By passing the current transversely

through the cheek, the individual quality of each pole may simul-

taneously be perceived.

Very often when the galvanic current has been applied to the

head or neck, patients speak of an after-taste that may be perceived

for hours.

This galvanic taste is supposed to be due to electrolytic decom-

position of the fluids of the mouth (Hermann), or to a direct stimu-

lation of the specific nerves of taste or of their nuclei. Very slight

currents are able to produce sensations of taste: 3^50 of a milliampire

of current is said to be sufficient; this much, however, is certain,

that the nerves of taste are more evenly stimulated by a galvanic

current than are any other sensory nerves.

Under pathologic conditions reduction and loss of electric taste

perception have been noted, but qualitative alteration is not known
as yet.

332
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Optic Nerve.

The least current, no matter from what distance the current loops

may come, will produce a sensation of light, provided, of course, that

there be a sufficient current fluctuation. Weak galvanic cur-

rents, passed through the cheek or longitudinally through the

head by applying a large electrode to the nape of the neck and a

small one to the forehead, will, upon every make and break of the

current, as well as upon every fluctuation and change of density,

cause a transitory illumination of the visual field. Such light per-

ception is accompanied by a color perception, but the color

perceived differs in different individuals. Such sensations un-

doubtedly are due to direct stimulation of the optic nerve and its

retinal distribution and are not, as has been assumed, caused by re-

flex stimulation of the trigeminus.

The direction of the current plays as small a role here as it does

in stimulation of the muscles, and the influence of the current in

the causation of various visual effects must be studied in its polar

relations.

The physiologic light reaction formula, according to Bremer, is

as follows:

K. C. over the closed eye produces an impression of light in the

form of a centrally colored disk, surrounded by a narrow, lighter-

colored field. The latter occurs only with stronger currents, and

with diminution of the current strength passes away before the

central part.

K. O. causes a weaker and reverse light impression, the color of

the field being now transferred to the disk, and vice versa. The
An. O. impression corresponds with the K. C, and An. C. impres-

sion with the K. O. The colors that thus occur together vary

much in different individuals, but the same colors always occur in

the same individual with the same pole.

All pathologic deviations from the individual formula are thus

far constituted only by single cases, and it is useless to enumerate

them, because no deduction can as yet be drawn.

Auditory Nerve.

That the auditory nerve can be stimulated by means of galvanic

current fluctuation and auditory perceptions thus produced has

been proved beyond doubt; but such electric perceptions occur

mostly under pathologic conditions, and can be produced in but a
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small percentage of healthy individuals. The polar method of

examination is here again the only feasible one.

The normal reaction formula of the auditory nerve has been

studied upon healthy persons whose auditory nerves are electrically

excitable. A sense of sound is first produced by a K. C. ; this is

followed, when the current is increased, by an An. O. sound. Even

with the strongest currents no reaction is obtained to the K. O.

and An. C.

The sound thus produced varies with different individuals, some

describing it as a buzzing, hissing, or whistling, others as a ringing.

The most powerful stimulant of the auditory nerve is found in the

voltaic alternations, but never, even with such a current, are we
able, in healthy persons, to produce an An. C. sound.

As already stated, the normal formula cannot be produced in

the majority of healthy persons, and this is probably due to phe-

nomena incidental to the passage of the current, which obscure

the sound perceptions. These phenomena are pain, muscular con-

traction, flashes of light, dizziness, even nausea and vomiting, and

frequently a distressing cough. Whether the normal reactions are

obtainable or not depends upon the facility with which these ac-

cessory disturbances occur.

Under pathologic conditions, especially such as permit of a

more direct stimulation of the auditory nerve (perforation of the

drum) or in which the excitability of the nerve endings is increased

in consequence of hyperemia or inflammation, the normal formula

may be obtained in a large majority of cases. The most common
alteration of the formula is simple increase of excitability, so that

the K. C. sound is produced with minimal currents, and the A. O.

sound with slightly increased ones; there is, as yet, no An. C. or

An. O. reaction. This is simple hyperesthesia of the auditory

nerve.

In hyperesthesia with qualitative change, an occurrence but

infrequently encountered, and fully described by Brenner and E.

Remak, the reactions to An. C. and K. O. become superadded to

those mentioned as occurring in simple hyperesthesia. We have

an analogue of the contraction formula of the motor nerve, both as

to intensity and sequence of the reacton—viz., K. C. sound, K. O.

sound, An. C. sound, An. O. sound.

With both of these formula?, that of simple hyperesthesia as well
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as that associated with qualitative change, we frequently encounter

a peculiar condition, known as paradox reaction, of the opposite

ear. In this condition the ear to which the current is being applied

either does or does not react; while the other ear always reacts, as

if stimulated by the indifferent electrode. Thus, for instance, the

ear directly stimulated may react or may not react to K. C. and

An. O., while the other ear reacts to K. O. and An. C.

An infrequent occurrence in marked hyperexcitability is the

reversal of the formula, so that the An. C. sound becomes greater

than the K. C. sound, and the K. O. sound greater than the An. O.

sound.

In contradistinction to these states of increased excitability ab-

normal conditions of complete loss of excitability or torpor of the

auditory nerve have been described.

If a constant current be applied to the head in such a manner that

a portion of the current flows through the auditory nerve, a certain

syndrome occurs, and this manifestation has been termed voltaic

vertigo.

Voltaic Vertigo.

The subject of voltaic vertigo, while recognized for some con-

siderable time, was developed, comparatively recently. Bergonie

paid special attention to it, and in 1906 brought it to the attention

of the scientific world. It consists of a vertigo which is produced

by the stimulation of the auditory nerve, and is characterized by an

inclination of the head toward the side of the anode.

The method of procedure consists in placing the large indifferent

negative electrode over the temple or on the neck, and the small

cotton covered exciting positive electrode under the tragus of the

ear to be examined. The continuous current is gradually caused

to flow with repeated interruptions until the vertigo appears.

Then it will be found that the head will be rotated toward the small

positive electrode. This would be the normal reaction and is pro-

duced by minimal currents of from two to eight milliamperes.

In labyrinthian disease, the diseased tissues present a resistance

to the current which is decidedly greater than in healthy tissue, and

therefore a greater amount of current would be required to cause the

phenomenon. If then, on the introduction of the current, no vertigo

manifests itself until the reading of the galvanometer shows that

fifteen or more milliamperes are flowing, the conclusion would be that
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there is some labyrinthian involvement. Some writers, however,

claim that the elicitation of a voltaic vertigo, when labyrinthian

disease has been excluded, is indicative of an increased intracranial

pressure.

Olfactory Nerve.

The olfactory nerve is also electrically excitable, and responds to

its specific sensory perception. The methods of examination and

the results obtained merit no description, as other forms of stimu-

lation of this nerve give better and surer results, and electric

stimulation does not seem to have any special value.

Vasomotor Nerves.

The comportment of the vasomotor nerves to the electric cur-

rent has been examined by various investigators without practical

result. We know that upon galvanic stimulation a contraction

of the vessels is first obtained, and that this is followed by a dila-

tation; also that the constant current is a direct stimulant of the

vasodilators of the skin ; and that, furthermore, temperature changes

may be produced by galvanic stimulation. No stimulation law,

however, can be formulated.

We are warranted in assuming that if the electric current exerts

an influence upon the vasomotor nerves of the skin, as shown by

the production of pallor or redness, a similar influence must be

exerted upon the internal organs that are traversed by current

loops. Inasmuch, however, as the density of the current as it

passes through various internal organs is necessarily very slight,

this vasomotor reaction must also be inconsiderable.

Electric stimulation of trophic and secretory nerves has not

proved fruitful of result. This, in the first case, is not surprising,

inasmuch as the anatomic existence of trophic nerves has not yet

been proved. Through stimulation of the secretory nerves, salivary

secretion and sweating may be excited. It also appears highly

probable that percutaneous electrification of the stomach stimulates

the secretion of hydrochloric acid, just as the increased salivary

secretion that follows direct electric stimulation of the chorda tympani

may also be produced by a galvanic current passed through the cheek.

Increased sweat secretion is clinically noted in consequence of gal-

vanization of various parts of the surface, but more especially after

strong stimulation of the tibial and median nerves.



CHAPTER VI

ELECTROPHYSIOLOGY OF THE CENTRAL NERVOUS
SYSTEM

The Brain. The Spinal Cord. Posterior Spinal Roots. The Sym-

pathetic Nervous System.

The Brain.

The influence that electric stimulation exerts upon the cerebral

cortex when applied directly or through the dura does not concern

us here; we must confine our present consideration to the influence,

if any, that is produced by application through the intact skull.

Certain it is that currents as strong as can be applied without danger

do not produce any excitomotor action upon the cortex when applied

through the skull, even after shaving the head. On the other hand,

certain well-observed and regularly recurring phenomena indubi-

tably prove that the constant current, but not the faradic, does

exert a certain influence upon the brain.

Upon application of the galvanic current there usually ensue

(aside from the phenomena due to sensory stimulation of the nerves

of the skin and of those of special sense) dizziness, a feeling of full-

ness of the head, swaying of the body, nausea and even vomiting,

facial pallor, a feeling of fatigue, somnolence, and occasionally

syncope. In consequence of the accidental passage of very strong

currents, canvulsions, eclamptic attacks, and capillary hemorrhages

into the brain substance have occurred.

The dizziness, accompanied by swaying of the body, that fol-

lows every sudden fluctuation in density of the galvanic current

during its passage through the head is of special interest. Closure

of the circuit causes the subject to sway and fall toward the anodal

side. Breaking of the current produces a disturbance of equilibrium

toward the kathodal side, but this occurs only in certain subjects

and is never so pronounced as the phenomenon accompanying the

making of the current.

The dizziness is greatest when the electrodes are placed one on
22 337
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each mastoid process, or one upon a mastoid process and the other

upon any part of the body; and least when the current is passed

longitudinally through the head. From many experiments the general

rule may be postulated that the greater the angle that the main

current loops form with the sagittal line of the head, the greater

will be the dizziness. Various more or less plausible theories of the

causation of this dizziness have been advanced. Erb's explanation

is most generally accepted and seems to be the correct interpre-

tation. Reasoning that, as the brain possesses double receptive

and perceptive organs, their association and equal action will give

us the feeling of balance and stability, while their disassociated

and unequal action will cause dizziness and swaying of the body, he

points out that any unequal stimulation, such as is produced by the

passage of the current transversely through the head, must give

rise to vertiginous sensations. The unequal stimulation he explains

by the production of a condition of anelectrotonus on the one side,

and katelectrotonus upon the other.

Nevertheless, recent experimental investigations by Jensen upon

healthy pigeons shows that dizziness produced by the galvanic cur-

rent may be due to excitation of the labyrinth, and, in the opinion

of Jensen, the seat of such labyrinthian excitation is the vestibular

apparatus.

In view of the fact that none of the phenomena described as

due to galvanization of the head is of general, constant, and uni-

form occurrence, and that they cannot be voluntarily reproduced

in the same individual by the same manner of electrification, it is

evident that pathologic alterations of such phenomena cannot as

yet be recognized.

Action upon the Spinal Cord.

The assumption that the spinal cord can be influenced by the

application of two electrodes upon the intact skin, with currents

such as may safely be employed in electrotherapy, is entirely

gratuitous. Erb's experiment of placing a large flat electrode

—

the anode—upon the upper dorsal vertebrae and another—the

kathode—upon the upper lumbar vertebrae, and then, by means

of current closures and alternations obtaining contractions in the

leg muscles supplied by the sciatic nerve, merely proves that a

direct stimulation of the spinal nerve-roots may thus be effected.
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The results obtained by physiologists from direct stimulation of

the cord have thus far led to discordant conclusions, and the appli-

cation of any of these to the living human body is as yet unfruitful

and unwarranted.

Action upon the Sympathetic.

That galvanization of the region of the neck does in many in-

stances produce certain visible effects, such as circulatory changes

in the face and ear on the side to which the current is applied, dila-

tation of the pupil and increased sweat secretion upon the same side,

reduction of the blood pressure and of the frequency of the pulse,

change of the sphygmographic tracing, and rise of temperature,

local or general, or both, may all be admitted without in any way
involving our acceptance of the belief that these phenomena are

due to stimulation of the sympathetic. This enigmatic com-

plex of nerves, whose course and whose function have to a great

extent eluded our investigations, can interest us only in so far as the

cervical sympathetic is concerned, for no attempt has been made
to reach the thoracic and abdominal portions by percutaneously

applied electric currents.

Even if experiments upon the exposed cervical sympathetic of ani-

mals be held to prove that the phenomena cited, as well as others,

may be produced by direct stimulation, it is certain that in the liv-

ing body galvanization of the neck sends current loops through

the vagus, recurrent laryngeal, and hypoglossal nerves, through the

cervical cord, through the cervical and brachial plexus, through

many sensory cutaneous nerve branches, and probably through the

medulla oblongata and part of the brain, so that the assumption

that these phenomena are due to the stimulation of the sympathetic

must be looked upon as purely visionary.



CHAPTER VII

PHYSIOLOGICAL ACTION OF HIGH FREQUENCY
CURRENTS

Much study and thought have been expended in the investigation

of the physiological effects of the high frequency currents, and strange

to say, little has been added to the original observations of

d'Arsonval and Oudin. Many of their ideas have been elaborated

and in some cases new hypotheses advanced, but it is certainly

remarkable that in spite of the varied improvements in apparatus

and the extended opportunities for investigation, none of the origi-

nal observations have been found incorrect, and so few new phe-

nomena have been developed.

The one feature that stands out to distinguish all other forms

of electromotive force from the high frequency currents, is that

as the currents pass through the body no changes are observed

in either the neuromotor or in the neurosensory systems.

The physiological effects of the high frequency currents may
be classed as the quantitative effects, and the tension effects. The

quantitative effects depend according to whether the application

be direct, or through auto-conduction, or through condensation.

The tension effects are obtained through the effluve, the aigrette,

and the spark.

Quantitative Effects.

The direct application consists in connecting the subject with the

small solenoid; auto-conduction is produced by placing the subject

within the great solenoid; and condensation is effected if the sub-

ject is placed upon a chair or bed condensing electrode which has

been connected with one of the armatures of the condenser. In

the direct application of the high frequency current, it is possible

to circulate in the body a current of three thousand milliamperes

at a frequency of one million per minute, and the intensity of this

current can be better appreciated by the fact that if a lamp of the

incandescence of one hundred candles, requiring one hundred

34°
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and ten volts, be inserted in such a circuit it will illuminate. If

also while the current is flowing through the body the operator

should approximate his finger to the skin, small sparks can be drawn

off.

These currents, despite their enormous tension cause no unusual

phenomena besides those attributable to the thermic action of the

current. There is a slight sense of warmth, with a vasodilatation

and consequent local perspiration at the site of the contact of the

electrode. If the vascular dilatation be pronounced then there

may be some compensatory rapidity in the heart's action, but be-

yond this no other effects are demonstrable.

No explanation has yet been offered as to why these currents

of such great tension, when applied directly, cause no further dis-

turbances, and it has been claimed that the currents do not penetrate,

but are simply diffused over the surface of the body. But various

experiments have been made in order to prove that the currents

do penetrate the body, and the most convincing are those that have

been made by Oudin. The apparatus which he uses consists of a

copper wire which has been carefully insulated by placing it inside

of a glass tube with fused ends. The ends of the copper wire are

allowed to protrude beyond the fused ends of the glass tube. If

a subject who has been placed in a circuit of a high frequency ap-

paratus places this tube between the teeth and closes the lips, the

exposed end of the copper wire will give off an effluve if the subject's

tongue is in contact with the exposed wire in the mouth. If, how-

ever, the tongue is withdrawn from the exposed end of the copper

wire, the effluve ceases.

Oudin considers this experiment sufficient to prove that the

current penetrates the body. But other investigators maintain

that the mucous membrane lining the mouth must really be con-

sidered as a direct continuation of the integument covering the body,,

and that when the tongue is brought into contact with the exposed

copper point, it in reality only connects the insulated wire in a found-

about way with the surface of the body. The question has not yet

been settled to the satisfaction of all, but most writers now hold with

Oudin, that the current does penetrate the body. The next ques-

tion that arises is why the high frequency currents do not affect

the sensory and motor nervous system. This is answered by the fact

that certain nerves are acted upon only in response to a certain
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number of vibrations per second, and the reaction of the nerve

ceases after the vibrations have reached a certain maximum. Each

nerve has its own particular range as, for example, the acoustic nerve

which requires from twenty to thirty-eight vibrations to stimulate

it. Twenty to thirty vibrations will cause a tetanus in the ordinary

motor nerves. If the vibrations are increased to one hundred and

fifty per second the tetanus then becomes complete and persists

until the vibrations reach thirty-five hundred; then the tetanus

begins to diminish and at ten thousand vibrations the muscular

shock disappears. In the case of high frequency currents the vibra-

tions reach one million per second and therefore do not cause a

neuromotor reaction.

Numerous experiments have been made in order to determine

whether or not high frequency currents can kill. Small animals

have been killed by contact with the small solenoid but the cause of

death has not been definitely determined. It is possible that death

was caused by inhibition of respiration, but it is more probable that

the excessive production of heat has coagulated the albumin and

caused emboli.

Auto-conduction.

The most important physiological effect of auto-conduction is

that it stimulates the respiratory exchanges. D'Arsonval has shown

that a subject placed within a large solenoid, gives off an increased

quantity of carbon dioxide. There is also an increased heat produc-

tion which varies from eighty to one hundred and twenty calories

in the course of an hour. In the healthy individual there is no change

in the arterial pressure, but some vasomotor changes take place as

is evidenced by an increasing warmth and perspiration of the hands

and feet. The number of turns of the spirals of the solenoid have

an effect on the production of heat within the body, so that care

must be taken not to have too many spirals, and thus avoid an ex-

cessive thermogenesis.

D'Arsonval and Charin both state that microorganisms and

toxins are destroyed by this form of application, but this has as yet

not been proven.

Condensation.

The method of application by condensation is in far greater

use than auto-conduction, for the reasons, that its effects are simi-
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lar to those of auto-conduction and it is more easily applied. But

it is strange that the physiologic effects of condensation have not

been studied as closely or as carefully as those of auto-conduction.

In addition to the increased respiratory exchange and the ther-

mogenesis, condensation has an effect on the circulation. This is

manifested more particularly in those suffering from a high arterial

pressure. All writers do not agree as to the results, but it is now
accepted that condensation at first causes a vascular dilatation with

reduced blood pressure. This is later compensated by the heart's

action and the pressure again gradually rises. The effect is most

marked in these subjects at the first application and in consequence

of the rapid vasodilation without cardiac compensation syncope

has occurred. It is still a mooted question as to whether condensa-

tion has a permanent effect on high arterial tension, but there is little

doubt now that it has a temporary effect in lowering the pressure.

Condensation is used extensively in therapeutics, and with good

results. Benefit has been reported in many varied and widely

different conditions, and these will be considered later under the

various headings. But it is well to point out now that wherever

an increase in the respiratory exchanges, or an increased thermo-

genesis, or a temporary decrease in the blood pressure is desir-

able, then beneficial results can be obtained therapeutically from

condensation.

Tension Effects.

The Effluve.—To produce the effluve the many pointed metallic

electrode is used. This is attached to the ball of the Oudin resonator,

and then approximated to the skin, but kept sufficiently far away to

prevent sparking.

The Aigrette.—To produce the aigrette a single-pointed metallic

electrode is used but it is brought so close to the skin that a number of

fine sparks jump rapidly between it and the electrode.

The Sparks.—To produce the sparks, the vacuum glass electrode

is used. When a subject is submitted to the effluve or the spark his

entire body is traversed by extremely rapid electric oscillations. If

the finger be held close to any portion of the body of the subject a

series of small sparks may be drawn off. If the subject be not in-

sulated from the ground and the spark be directed toward the in-

dividual muscles or groups of muscles, a contraction of the muscles
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will be manifest at each detonation. If the spark be shortened the

muscular contractions become more vigorous.

Locally the effluve causes a sensation of warmth, and the spark

causes a sensation of sticking, and burning as if hot needles were

being thrust into the skin. With both the effluve and the spark,

local redness and warmth can be caused, and there is a formation of

ozone and nitrous oxide that clings to the skin. It is on account

of the ozonisation of the integument that so many claims of bacter-

icidal action of the high frequency current have been made. And
:

t is now admitted that rapid oxidation caused by the nascent oxygen

liberated from the ozone directly in the tissue must have the effect

of destroying any microorganisms that come into its immediate

influence.

The effect of the aigrette is similar to that of the static spark

with the addition of the ozonising effects of the effluve. After an

application of the aigrette there is first a blanching of skin, a small

gangrenous ulcer forms, and this rapidly undergoes cicatrization

with some defect in tissue. These changes are accompanied at

first with slight needle like burning pain and then anesthesia. The
evidences of inflammation show in the tissues immediately adjacent

but this redness and swelling rapidly subsides. The aigrette in further

refinement has been utilized as what is known asfulguration, whereby

small growths, excessive granulations, etc., have been removed.

It will be seen therefore that the tension effects are mostly local

and from the foregoing, its uses therapeutically become manifest.



CHAPTER VIII

INJURIES DUE TO THE ELECTRIC CURRENT

Severe and even fatal injuries are at times caused by carelessness

in the handling of wires carrying powerful electric currents. Some-
thing should, therefore, be known of the traumatic and lethal effects

of electricity.

Burns produced by electric currents are due to heat and to

chemical action, and do not differ in pathology or treatment from

burns of a similar nature otherwise caused.

Death by Electricity.

It has been known for some time that currents of high tension,

when passed through the head or trunk of an animal, would cause

death. The exact manner in which electricity kills is not even as

yet perfectly clear. Various hypotheses have been advanced, and

until recently M. d'Arsonval's theory was most generally accepted.

D'Arsonval said that death was due to two possible causes, depend-

ing on the intensity of the current. If the current were one of ex-

tremely high intensity, death was caused instantly, either through

the disruptive action of the current, or through the sudden heat-

production causing tissue alteration and disintegration. If the

intensity of the current were not so high, death was caused by
paralysis of the respiratory center in the medulla and consequently

asphyxiation.

This theory was so universally accepted that instruction in vari-

ous methods of artificial respiration was given at power-houses and

electric stations, and every person shocked by electricity was sub-

jected immediately to artificial respiration for several hours.

R. H. Cunningham, however, has recently demonstrated, by a

number of physiologic experiments on dogs, that the respiratory

failure following an electric shock is merely a secondary develop-

ment. Cunningham worked with the ordinary commercial currents

345
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only, and after a series of elaborate experiments, concluded that in

all cases death was caused by fibrillation of the heart muscle, and that

respiratory paralysis was simply a respiratory inhibition lasting only

so long as the current was flowing. When the current passed merely

through the head (i.e., the brain and upper cord), currents of very

great intensity and electromotive force, as well as of long duration,

were required, and even then restoration by artificial respiration

was sometimes possible; but when the current passed through the

thorax, thus bringing the heart into circuit, attempted restoration

by artificial respiration was of no avail. Again, if the heart was in

circuit, the blood pressure was reduced immediately on the intro-

duction of the current, and did not reassert itself when the current

ceased to flow; while although respiration ceased at first, respira-

tory movements again instituted themselves, showing that the res-

piratory center was intact, and remained so until death occurred from

anemia, due to the stoppage of circulation.

It may reasonably be concluded, therefore, that if the current

pass through the body and the heart be in circuit, the following

order of pathologic phenomena takes place

:

i. Cardiac paralysis, with fibrillation of heart muscle.

2. Inhibition of respiration.

3. Syncope, from anemia of the brain.

4. Death.

If, however, the current does not include the thorax in its cir-

cuit, a cardiac paralysis does not ensue, and the respiratory inhibi-

tion, with its concomitant phenomena, is all we have to deal with.

In such a case artificial respiration would be followed by prompt

restoration.

Cunningham's experiments have shown that in those cases in

which fibrillar contractions of the heart muscle have set in, practi-

cally nothing can be done to save the subject; so for all practical

purposes it might be well to follow d'Arsonval's advice, and invari-

ably institute artificial respiration whenever a severe electric shock

has been sustained.

Of course, the mechanics of death by electricity are directly im-

portant in executions. Experiments have shown that intermittent,

alternating, and coarsely pulsatory currents cause death much more

rapidly than does a continuous current. Now, as our object in exe-

cutions by electricity is to cause death as quickly as possible, the
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best and surest result may be obtained by passing an alternating

current of extremely high intensity and electromotive force through

the head, as well as through the trunk. Then we will have death

ensue from all the possible causes—viz., cardiac paralysis, respiratory

inhibition, cerebral anemia, and molecular tissue disintegration

caused by the disruptive power of the current and the mechanical

heat-production.





PART IV

ELECTRODIAGNOSIS

AND

ELECTROPROGNOSIS





PART IV

ELECTRODIAGNOSIS

AND

ELECTROPROGNOSIS
CHAPTER I

MUSCLES AND MOTOR NERVES

Apparatus. Method of Examination. Position and Posture of

Patient. Polar Method. Active and Indifferent Electrodes. Faradaic

Examination. Measurement of Minimal Current. Quality of Con-

traction. Galvanic Examination. Reaction Formula. Character of

Contraction. Form of Record. Motor Points. Functions of Muscles.

Charts and Tables. Condenser Discharges. Electrical Reinforcement.

Electrocardiography. Psychogalvanic Reflex.

Every examination made for purposes of diagnosis and prognosis

presupposes the knowledge of a certain condition assumed to be

normal, and the ability to recognize deviations from this state that

are looked upon as pathologic.

Electrodiagnosis is that part of general medical recognition of

pathologic states that is predominantly or partially dependent upon

the results obtained by electric examination. Electroprognosis

is that part of general medical recognition of the probable course

of pathologic processes, similarly dependent upon the information

obtained through interrogation with the electric current.

In consequence of our study of the normal electric reactions of

muscles, motor and sensory nerves, and nerves of special sense,

as well as of the reactions that they give, under pathologic conditions,

we have here merely to give our attention to the various diseases

in which there may occur pathologic changes in electric excitability,

and to consider to what extent such changes may be of diagnostic

and prognostic significance. For this purpose only the constant

and the faradic currents need be employed. While other forms of

current have been used upon occasion to determine certain mooted

questions, their employment offers no advantage and they need not

be considered in this connection.
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Electrodiagnosis occupies an important position in the art of

medicine, being of especial value in neurologic work, and its culti-

vation should not be neglected; electroprognosis, while also of

value, is much more limited in its scope, this being confined almost

exclusively to affections of the muscles and motor nerves.

The use of electricity for either of these purposes is by no means

easy, as such investigations are, like every other problem in science,

easily rendered fallacious by errors that can be avoided only by

those thoroughly trained in experimental work. Yet we cannot

but look upon electrodiagnosis as the stepping-stone to electrotherapy

and only he will be a good electrotherapist who is master of electro-

diagnostic methods and principles.

The method of examination is not difficult to acquire if due

attention be given to details of various kinds: details whose ob-

servance or neglect means success or failure in obtaining accurate

and trustworthy results. The details to which attention should

be given, and the sources of error that one must endeavor to avoid,

will be pointed out in the following pages.

The apparatus necessary for electrodiagnostic examination

are more particularly:

i. A galvanic battery, or other source of constant current, with

a pole changer.

2. A trustworthy arrangement for graduating the voltage and the

amperage of the current.

3. A galvanometer graduated in absolute units (milliampires)

.

4. An electrode of definite size, a unit or normal electrode: one of

10 square centimeters' active surface (Erb), or one of only 3 square

centimeters' active surface (Stintzing).

5. An interrupting handle.

6. A standard induction apparatus.

The apparatus being in good working order and the sponges or

cotton coverings well moistened, attention should be given to the

position of the patient. The patient should be so placed that

the light falls directly upon him, while at the same time the gal-

vanometer scale must receive ample light to enable the reading to

be made quickly. A frequent source of error consists in the operator

so placing himself between light and patient that the observation

of a minimal contraction becomes obscured.

The posture of the patient is of a certain importance, as the
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muscles of the part that is to be examined should be perfectly re-

laxed; this relaxation is best accomplished by having the patient

seated when the hands, arms, and face are to be examined; in the

case of the hands and arms, a support of some kind should be used,

and the patient should lie down when the other parts of the body

are to be examined.

The examination must be conducted according to the polar

method; a large indifferent flat electrode being placed upon an in-

different point, while the exciting electrode of small diameter, and

attached to an interrupting handle, should be placed squarely and

fully upon the part to be examined. Every make and break of

the current must be effected by means of the interrupting handle.

Whenever practicable, the indifferent electrode should be placed

upon the sternum or sacrum. The nape of the neck is a convenient

site of application, but with the electrode so placed, and even with

comparatively weak currents, every fluctuation is associated with

flashes of light, metallic taste, and dizziness, so that this place should

not be selected except for special reasons. The indifferent electrode

may be held in position by the patient, or, better still, is firmly

fixed by means of a special holder; while the operator holds the ex-

citing electrode in one hand, leaving the other free to manipulate

the apparatus for current control and pole changing. With a little

practice one may acquire sufficient dexterity to dispense with the

services of an assistant.

Faradic Examination.

After these preliminary arrangements have been made, the cur-

rent may be introduced and the actual examination be begun. This

should be done with a faradic current, and the examination of

the muscles first be undertaken. The primary state of conduc-

tivity of the skin is, as we have seen, not of great significance in

its relation to the high electromotive force of the faradic curent;

while during the examination with this current the skin becomes

more thoroughly moistened and hyperemic and its state of con-

ductivity is rendered more propitious for the passage of the constant

current that is to be used later.

A minimal current being first selected, the circuit is closed by
means of the interrupting handle, and at once opened again. While

this process of making and breaking the current is repeated a

23
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number of times, the current strength should be gradually increased

by slowly pushing the secondary coil of the induction apparatus

over the primary coil, until a distinctly visible contraction results

upon the make of the current. The current closures should be

very brief—only of sufficient duration to enable a clear recogni-

tion of the contraction. The most excitable point of the muscle

is then sought for, and, having been found, the exciting electrode

is placed upon it, and should not be removed from this point until

the examination has been completed. Should it, exceptionally,

be necessary to remove the electrode, the point of application may
be marked with an anilin pencil, and thus easily found again. Even

slight changes in the position of the electrode may materially modify

the results obtained; so, also, do variations in pressure invalidate

the result. It is, therefore, better to avoid strong pressure and to

make use of a light, constant, and unvarying one. The minimal

contraction having been obtained, the quantity of current necessary

for its production should be noted, and at the same time attention

be given to the quality of the contraction, whether it is produced

suddenly upon the closure of the circuit, lasts during the current

flow, and disappears suddenly upon the opening of the circuit, or

whether any deviation from this normal course exists.

Galvanic Examination.

The faradic current is then thrown out by means of a switch;

the galvanic current is thrown in, and the examiner's attention is

given to the poles; for here only, .and not with the faradic cur-

rent, is the polar action of diagnostic importance. The examina-

tion with the constant current should be begun with the kathode.

because, as we know, the first physiologic contraction obtained is a

K. C. C. The exciting electrode, therefore, having been made the

kathode by means of the commutator, and the electrodes remain-

ing unmoved in their given position, the amperage of the current

is gradually increased by means of the controller. While this

is being done the current should be repeatedly made and broken

with the interrupting handle, until a visible muscular contraction

is produced. The strength of the current required in order to produce

the minimal K. C. C. should then be recorded. At the same time

the necessary attention ahould be bestowed upon the character of

the contraction, and a mental note made whether it is quick and ful-
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gurating, or not. Hereupon, the circuit being open, the poles should

be reversed by a turn of the commutator; the exciting electrode is

thus transformed into the anode, and the current should again

be made and broken successively, while the operator notes the

presence or absence of a closure or an opening contraction. If

such a contraction be visible, the current strength must be reduced

to the lowest point at which An. C. C. or An. 0. C. can be ob-

served; and the quantity of current necessary to produce such

a minimal contraction may then be recorded. If no such contrac-

tion be visible, then current should be added until a minimal contrac-

toin is produced, and this current strength entered upon our notes.

Anodal contraction having been obtained and its quality observed,

the current is again increased until a minimal K. 0. C, or K. C. Te.

results. This current being recorded, the examination of the single

muscle is completed.

The current is then turned off, and the results obtained are com-

pared with the normal reaction tables, if we are dealing with a

bilateral affection, or, in the case of a unilateral affection, with the

results obtained by a repetition of the procedure upon the corre-

sponding muscle of -the opposite side.

Briefer Examination.—In the majority of cases it is practically

advantageous to curtail this examination by a preliminary investi-

gation. We first obtain the minimal faradic contraction and next

the minimal galvanic K. C. C; then, reversing the current, we
observe whether an An. C. C. of any kind is produced with the same

current strength. Should this be the case, we must conclude that

some pathologic condition exists, and a more careful examination

is called for. If, on the other hand, no An. C. C. is produced by
the same current that has caused a K. C. C, we may at once com-

plete the examination by materially increasing the current strength

in order to ascertain whether or not An. C. C. can be obtained.

The same method of examination is then applied to the motor

nerves.

In all examinations of quantitative and qualitative excitability

care should be taken to complete the examination of each muscle

or nerve in as short a time as possible, inasmuch as the results

obtained at the end of a prolonged examination may, on ac-

count of progressive reduction of skin resistance and of altera-

tions of excitability caused by steady flow of the current through
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the muscle or nerve, not accord with those obtained at the

commencement.

The results obtained are best recorded in a form specially pre-

pared for this purpose. The one that I make use of and consider

the most practical is that of von Ziemssen, here given:

Form of Record for Electrodiagnostic Examination

Name Diagnosis

Date Right Muscle or nerve examined Left

mm. coil

separation.

Faradaic excitation.

separation.

ma. K. C. C. ma.

ma. A. C. C. ma.

A ma. A. 0. C. ma. B
ma. K. C. Te. ma.

ma. K. 0. C. ma.

ma. A. C. Te. ma.

The two empty spaces, A and B, are to be used for a description

of the quality of the contraction and for other remarks.

Motor Points and Functions of Muscles.

We have already indicated that a knowledge of the surface

location of the motor points—i.e., the points from which the

various muscles or nerves can best be stimulated—is desirable.

For diagnostic purposes this knowledge, as well as that of the

isolated function of each muscle, is indispensable; for not only is

it often important, by means of local stimulation or by stimulation

of the nerve-trunk, to determine the presence or absence of contrac-

tion in one muscle or another; but also, by stimulation of a nerve at

various portions of its course, we may be able to determine the

exact seat of the lesion in a case of peripheral paralysis. This is

evident when we remember that if the conductibility of a motor

nerve be interrupted by a lesion at any part of its course, the nerve

is not only unable to conduct voluntary impulses, but also fails

to transmit artificial stimulation applied above the seat of the

lesion. Hence, if an electric stimulation applied to a certain point

in the course of a nerve be not followed by a corresponding response,

while such response may be obtained from stimulation of a more
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peripherally located point, the seat of the lesion must lie between

these two points of application.

Charts of the surface location of the motor points have been

constructed by von Ziemssen, and a study of the accompanying

illustrations (Figs. 242-250), which have been modified from those

of Cohn, will give the necessary information. They may easily be

referred to upon occasion.

M. Temporalis

M. Frontalis *
v

M. Corrugator supercil.

Upper facial branch

Orbic. palp.--^r^--

MM. Nasalisr^..

M. Zygomatic.

Middle facial branch

Orbic. oris r_r_"

M. Masseter

M. Lev. menti —

M. Dep. lab. inf.''

M. Dep. ang. oris •'

Lower facial branch '

N. Hypoglossus '

Platysma myoides
M. Sternohyoid

^~? N. Facial, trunk

__
M. Splenitis

Sternoclei-
domastoid

— N. Accessorius

M. Lev. ang. scap.

M. Trapezius

"*"*•• N. Dors, scapulae
~~^ N. Phrenicus

~ i-a» N. and plexus axillaris

*N. Thoracicus longus

Erb's point
NX. Thoracici ant.

Fig. 243.

These charts alone, however, on account of physiologic varia-

tions and on account of the infrequent displacement of the most
excitable points, in consequence of atrophy or hypertrophy of the

muscles, are not diagnostically available without a thorough knowl-
edge of the function of the single muscles. The tables which
follow give the effects produced by isolated or associated stimula-
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tion of the various nerves and muscles of the body whose electric

examination may be of diagnostic importance, with remarks con-

cerning the preferable methods of practical stimulation, as well as

M. Deltoid, middle part f -•

-M. Deltoid, ant. part

•N. Musculocutaneus

M. Triceps brachii :

M. Pronator teres

M. Supinator longus

M. Flexor carpi radialis
-- M. Flexor carpi ulnaris

M. Palmaris longus

M. Flexor digiti communis
sublimis

N. Ulnaris

Adductor minimi digiti

M. Flexor longus pollic

N. Medianus

M. Opponens pollicis

M. Abductor pollicis"

M. Adductor pollicis

Fig. 244.

such further comment as seems desirable to make the matter en-

tirely clear.

The student is advised to familiarize himself with both charts and

tables, not by memorizing merely, but by repeated observations

upon healthy subjects.
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Stimulation of Action produced Remarks

Facial Nerve Trunk. Contractions of all the muscles of

the face supplied by this nerve;

the entire half of the face is

drawn to the stimulated side; the

corresponding eyelid is closed.

The muscles supplied by the up-

per branch contract only slightly

or not at all.

Upper Branch. Furrowing of the skin of the fore-

head and eyebrow.

Galvanic stimulation of the nerves

and muscles of the face easily

causes dizziness, flashes of light,

etc.

Middle Branch. Closure of eye, smiling, raising of

ala nasi, furrowing of upper lip

(pouting).

This nerve is well adapted to the

study of faradic excitation.

Lower Branch. Raising of the chin, eversion of

lower lip, and a drawing out-

ward and downward of the

angle of the mouth.

M. Frontalis. Transverse furrowing of si in of

forehead; raising of eyebrows.

Faradic excitation is very pain-

ful, for which reason only mo-
mentary applications should be

made.

Corrugator supercilii.If. Vertical wrinkling of space be-

tween the eye and eyebrows.

M. Orbicularis palpebrarum. Closure of the lid upon the one

side; furrowing of skin of lid.

MM. Xasales (levatores labii Drawing up of the ala? nasi and Can be stimulated alone only with

(superioris alae nasique)

.

I slight raising of the upper lip—
j

difficulty, and their stimulation

expression of contempt. is of no practical value.

MM. Zygomatici. Raising of upper lip and drawing

outward, as in laughing.

Stimulation painful.

M. Orbicularis oris.

(a) Upper point.

(6) Lower point.

Furrowing and pointing of upper

lip; furrowing and pointing of

lower lip.

M. Mentalis or levator menti. Lifting and wrinkling of integu-

ment of chin.

Care should be exercised so as not

to stimulate the mentalis of the

opposite side at the same time.

M. Depressor labii inferioris

or quadratus menti.

Drawing downward and outward

—eversion—of the lower lip.

Can be excited alone only with

great care. Usually is stimu-

lated together with the mentalis

and triangularis menti.

M. Depressor anguli oris or

triangularis menti.

Drawing downward and outward
of lower lip.

The point of this lies very near to

that of the facial nerve. The
nerve point is more excitable

than the muscle point; its stimu-

lation causes contractions of

the mentalis as well as of this

muscle.
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M. Infraspinatus

MM. Teretesr -

M. Supinator brevis—

M. Plexor carp, uln.—

M. Ex tens. carp. uln.~

M. Extens, dig.fminimi

MM. Interossei>«»»|j-5«t_sjrrrrr::^Fr"^
J "

_

^5 "\" ~""*M. Deltoid, post, part

\̂ f "M. Deltoid, middle part

N'. Xadialis

Zf\ *H- Triceps brachii

y *

• 1 --M. Supinator longus

.«.. a, ll

T

|
M - Extens. carp, radial.

^. F 7 I

long-

•^ N I "~".V."-
::"" M - Exteos. dig. com.

\\ W yi ' "* M. Extens. carp, radial.

*Y"\* * I brevior

®"f w ^ '^,
"M. Extens. indie, propr.

M. Abduct, poll. long.

M. Extens. poll. brev.

Fig. 245.
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Stimulation of Action produced Remarks

M. Masseter and M.
poralis.

Tem- Movements of chewing; raising of

lower jaw against upper.

Supplied by the trigeminus,
Stimulation of these muscles

should not be mistaken for stimu-

lation of muscles supplied by
the facial.

N. Accessorius. Backward inclination of head;

raising and turning of chin to

opposite side.

Best stimulated in the posterior

triangle of the neck, about three

or four centimeters below its up-

per angle, near the upper part

of the trapezius muscle.

Plexus brachlalis.

Erb's supraclavicular point.

Varies according to part stimu- Stimulated from entire lower in-

lated; usually flexion of hand ner third of fossa supraclavicu-

and fingers and raising of arm laris and from lateral adjoining

from body. parts.

Posterior raising of arm from

chest and flexion of elbow in

supination posture.

A place in the plexus cervico-

brachialis, usually found about

three centimeters above the up-

per border of the clavicle, some-

what lateral of the sternocleido-

mastoid muscle.

N. Thoracicus longus. The shoulder-blade is moved out- Can be stimulated only with dif-

ward and forward, or single

parts of the serratus become
prominent.

ficulty, if at all; if excitable, can

be reached by a small electrode

pressed deeply into the extreme

part of the external angle of the

posterior triangle of the neck.

N. Axillaris. Lifting of arm from the thorax.

N. Phrenicus. Contraction of the diaphragm.

Upheaval of the epigastrium and
audible sobbing inspiration.

Usually bilaterally excitable, with

an electrode pressed deeply un-

der the posterior border of the

sternocleidomastoid at the lower

end of its upper third, or some-

what below this point.

M. Sternocleidomastoideus. Turning of the face to the oppo-

site side; posterior inclination of

the head.

M. Levator anguli scapulae. Lifting of the shoulder, with

slight inclining of the head to-

ward the stimulated side.

M. Splenius capitis et colli. Head turns toward the stimulated

side.

M. Platysma myoides. Tension of skin of neck and slight

depression of lower lip and angle

of mouth.
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M. Pectoralis major'

M. RectusS ^--~
abdominis;'^

Fig. 246.
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Stimulation of Action produced Remarks

N. Musculospiral (N. Radia-
lis).

Extension of the hand and fingers,

perhaps with supination and
flexion at the elbow.

Stimulation is best effected by pal-

pating carefully and placing the

electrode directly over the place

where the nerve has been felt as

it courses diagonally over the

humerus.

N. Ulnaris (upper part). Flexion at the wrist toward the

ulnar side; complete flexion of

the third and fourth, or second,

third, and fourth fingers. Ad-
duction of the index-finger to the

median line, and of the thumb
to the index. The thumb re-

mains extended, as also do the

second and third phalanges of

the index-finger.

The posture produced by ulnar

stimulation is easily recognizable

by the position of the thumb and
index-finger.

For stimulation of the upper part,

the arm should be lifted at the

shoulder, partially flexed at the

elbow, and the hand should hang
with the palm downward.

N. Ulnaris (lower part). Adduction of all fingers toward
one another. Flexion of their

first, and extension of their last,

phalanges.

N, Medianus (.upper part). Forcible, often sudden, flexion of

hand and fingers. Complete
pronation of forearm; opposi-

tion of the thumb.

Have the arm flexed at the elbow,

with the palm turned upward,

and use only slight pressure of

the electrode.

N. Medianus (lower part). Opposition of the thumb; perhaps

also contraction of the lumbri-

cales.

Muscles of the ball of the

thumb.
Opposition of the thumb; flexion

of the thumb.

M. Abductor pollicis, M. Ad-

ductor pollicis.

Flexion of the first and extension

of the second phalanx of the

thumb. Abduction; adduction.

MM. Interossei & lumbri-

cales.

Adduction of the two fingers be-

tween which the stimulated in-

terosseus lies.

Flexion of the first and extension

of the two end phaTanges.

Examination is of importance.

The hand must be completely

relaxed.

Muscles of the ball of the

little finger.

Action expressed by the name of

the respective muscle. Oppo-
sition, flexion, adduction.

M. Supinator longus. Flexion at the elbow-joint and ! "Supinator" is a misnomer for

slight pronation of the hand. this muscle.

M. Extensor digitorum com-
munis.

Extension of the first phalanges

of the fingers; extension of the

wrist.

The single parts going to the

separate fingers can usually be

stimulated individually.
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N. Cruralis..

M. Tensor fascia lata -

M. Quadriceps _

M. Rectus femoral is

M. Vastus externus

Fig. 247.
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Nerves and Muscles of the Upper Extremity—(Continued)

Stimulation of Action produced Remarks

M. Extensor indicis proprius. Forcible extension of index-finger.

M. Extensor digiti minimi Extension and slight abduction of

proprius. little finger.

MM. Extensores pollicis In the order given produce: (1) Excitable together.

longus et brevis & Abduc-
tor pollicis longus.

Extension of thumb or first met-

acarpus and adduction of first

metacarpus; (2) abduction of

first metacarpus and extension

of first phalanx of thumb; (3)

moves first metacarpus forward

and outward.

M. Flexor carpi ulnaris. Flexes the hand toward the ulnar

side; does not pronate.

M. Palmaris longus. Flexion of the wrist only.

M. Pronator radii teres. Distinct and complete pronation

without any associated move-
ment.

This point varies materially in dif-

ferent persons.

M. Biceps. Marked flexion of elbow and
slight supination of forearm.

Best stimulated when elbow is

flexed and hand somewhat pro-

nated. This muscle is very ex-

citable.

M. Brachialis internus. Slight upward flexion of elbow. Very difficult to excite alone.

M. Triceps. Extension of forearm. Action is best seen when elbow is

passively semiextended.

M. Deltoideus (anterior Raises the humerus forward. Easily excitable,

part).

(Middle part.) Raises humerus outward. Fairly excitable.

(Posterior part.) Raises humerus backward. Least excitable.

Muscles of the Trunk (Body)

Stimulation of Action produced Remarks

M. Trapezius (upper part).

(Middle part.)

(Lower part.)

M. Latissimus dorsi.

Inclination of the head toward Very excitable,

the stimulated side, with raising

of the chin toward the opposite

side.

Marked raising of shoulder. Excitable only with strong cur-

rents.

Adduction of scapula to median Excitable only with strong cur-

line, rents.

Adducts the hanging arm to the Must be examined with hanging

thorax and draws it backward. arm.
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Muscles of the Trunk (Body)—(Continued)

367

Stimulation of Action produced Remarks

M. Serratus anticus major. See N. Thoracicus longus. Stimulated from the axilla di-

rectly over its course.

M. Pectoralis major. Adduction of the humerus to the

thorax.

M. Rectus abdominis. Retraction of the abdomen upon
the stimulated side.

Nerves and Muscles of the Lower Extremity

Stimulation of Action produced Remarks

N. Cruralis Strong extension of the leg upon
\
Requires strong pressure of the

the thigh. electrode upward and backward.

N. Obturatorius. Contraction of the adductors. ; Excitable with difficulty.

N. Ischiaticus (trunk).

N. Peroneus.

N. Tibialis.

M. Quadriceps femoris.

M. Vastus internus,

M. Vastus externus,

M. Rectus femoris.

Flexion of the leg and dorsal or Excitable only upon lean persons,

plantar flexion of the foot.
j

with strong pressure of the elec-

trode and strong current.

Marked and sudden dorsal flexion Knee to be slightly flexed; elec-

of the foot. trode to be placed at the inner

border of the biceps femoris ten-

don and forced under it. Very
excitable.

Marked plantar flexion of foot, : Easily excitable from the middle

flexion of the toes, and wrink-
! of the bend of the knee. Char-

ling of the skin on the sole of the acteristic for stimulation of the

foot. ' nerve itself.

Extension of the leg upon the* Easily excitable,

thigh. Movement of the pat-

ella upward.

May be stimulated singly.

M. Tibialis anticus. Raising of the inner border of the Easily excitable,

foot.

M. Peroneus longus. Lowering of the inner border of

the foot; downward pressure of

the ball of the great toe.

M. Peroneus brevis. Weak abduction of foot.

M. Extensor digitorum com-
munis longus.

Abduction of foot and weak ex-

tension of toes.

M. Gastrocnemius. Plantar flexion of foot with an in-

version of foot and toes.
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'/, M. Gluteus medius

* L. Gluteus maximus

M. Semitendinosus

--M. Semimembranosus

-• M. Triceps femoris

' X. Ischiaticus

X. Tibialis

X. Peroneus
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M. Gastrocnemius— «=-- 1"

M. Soleus=~

M. Flexor digitorum
communis longus

M. Flexor hallucis
longus

N. Tibialis

Fig. 250.

24
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Electrodiagnosis and Prognosis by Means of Condenser Discharges.

Every practitioner who has experience with the ordinary methods

of examination of the electric reaction of muscles realizes the great

sources of error of observation with the use of the constant current.

For this reason the examination by means of the discharges from

condensers has superseded all other methods when precision is desir-

able. The apparatus for this purpose has already been described

and the principles will be found on pp. 310 et seq.

As has previously been stated, large condensers of known capa-

city are so arranged that they may be discharged through their ter-

minals by means of a telegraph key. For this examination the

electrodes are placed as usual at the motor points and on the tendons.

If the discharges are made to traverse the healthy muscle and con-

densers of increasing capacities are used, the muscular contractions

appear to be alike in quality and the condensers of greatest capacity

will produce the strongest contractions. If the muscles have under-

gone some change and are more or less altered, we find that the

condensers of low capacities elicit no response. When, however,

condensers of increasing capacity are successively used, then a point

is reached at which a minimal contraction is produced by the con-

denser of sufficient capacity. Thus, for example, it will be found

that a healthy muscle will contract with a discharge of one hundred

volts from a condenser of a capacity of 0.0 1 to 0.08 microfarads,

while a muscle that is in a state of partial degeneration will require

a condenser of a capacity of 0.1 to 0.8 microfarads to produce any

effect.

Although at the present time the method of examination by

condenser discharges is not in general use on account of the more

or less complicated nature of the apparatus itself, still we hope that

the apparatus will be so simplified that this method of examination

will, on account of its accuracy, be used universally.

Examination of Tendon Reflexes with Electric Reinforcement.

Dr. Walter B. Swift of Boston has described and advocated an

electrodiagnostic method that should be useful in determining the

absence of reflexes when other methods of reinforcement have failed.

The choice of current used for the purpose seems to be immaterial,

because both the galvanic and the faradic currents may be employed.

Directions of the current need also not be taken into consideration,
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1

but the strength of the current is an important feature. Unfor-

tunately it is impossible to state the exact strength that should be

used and it is necessary to depend upon the patient's subjective

sensations in order to determine the necessary current strength. In

general, a current of sufficient strength to fall short of giving actual

pain should be used. Under all circumstances the current used

should never be strong enough to cause painful muscular contractions.

For examination of different reflexes different procedures are of

course necessary.

Knee Jerks.—For the examination of the patellar reflexes, one

electrode is placed under the thigh and the other on the anterior

surface of the lower leg, at about its middle third. The lower elec-

trode is held by the operator and is best placed in the position de-

scribed because under these circumstances, if the reflex is elicited by

tapping upon the patellar tendon, the leg kicks forward and the

current is not interrupted.

Ankle Jerk.—In order to obtain the reflex of the Achilles tendon

the patient is placed in a kneeling position on a chair. One electrode

is placed on the anterior surface of the leg and the other is pressed

gently against the ball of the foot to be examined. Percussion of

the Achilles tendon will cause plantar extension of the foot and again

will avoid the sudden breaking of the current in case the reflex is

elicited.

Triceps Reflex.—In order to elicit the triceps reflexes with elec-

trical reinforcement, one electrode is placed under the arm and the

subject is instructed to hold it in place by close adduction to the

body. The other electrode may be held by the operator against

the lower arm at its center. The reflex is then elicited in the usual

manner.

Wrist Jerk.—For obtaining the wrist jerk the upper electrode is

placed low down behind the upper arm and held in position by the

patient. The lower electrode is held by the operator and is placed

within the hand of the patient. Percussion of the proper tendon

will elicit the reflex.

Electrocardiography.

In Chapter I of Part III we have already seen that an inherent

electromotive force may be developed in the human body. Dif-

ferences of temperature in the organs, and muscular contractions,
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are sufficient to disturb the normal equilibrium of the electricity of

the human body to such an extent that the change in potential can

be measured by means of delicate instruments. The one organ of

the body in which muscular contractions are continually taking

place, is the heart. Here there is an ever changing electrical poten-

tial, and the apparatus devised for recording it is called the elec-

trocardiograph.

Each contraction of the heart is accompanied by a change in

potential, and as the natural contraction wave passes through the

heart muscle, it has been found that that portion of the muscle

which contracts actively is of a lower potential, or electronegative

Fig. 251.—String Galvanometer of Einthoven.

to the parts at rest. The electrocardiograph is the instrument which

detects and registers the differences in electric potential which occur

during cardiac contraction, and its practicability has become pos-

sible through the invention of the so-called "string galvanometer"

of Einthoven.

By referring to the accompanying illustration the workings of

the galvanometer will become clear.

P P are the two ends of a powerful electromagnet which is acti-

vated by a storage battery current of from five to six milliamperes

at a pressure of about ten volts. The "string" S S which consists

of a delicate film of platinum, of from two to four microns in diameter,

and with a resistance of five thousand ohms, is suspended between the

two ends of the electromagnet in such a way that the direction of
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its course is at right angles to the lines of force of the magnetic field

of the electromagnet.

A system comprising a condensing lens, an objective and an

ocular, combined as in a microscope, is so arranged that the string

crosses the center of its field. When a strong light is required the

rays from an arc lamp are used for the illumination. The relative

position of this microscope can be better understood by referring

to the diagram. R is the opening for the entrance of the rays of

light, which are condensed by the lens L. O is the objective and

Oc is the ocular both of which are mounted, as in a microscope

in the tube M. When a current passes through the string it deflects

it to one or the other side depending on which direction the current

flows, and the deflection can be observed by the eye at the ocular.

By placing a drum, covered with sensitized paper, properly focused

at the ocular, a permanent photographic record, called a cardiogram,

can be obtained. Two such cardiograms are shown in Figs. 252, 253.

It can be readily understood that the galvanometer and re-

cording device are such delicate pieces of apparatus that it becomes

necessary to test the different parts and especially the sensitiveness

of the string before making a record. Various arrangements for

controlling and testing the apparatus have been devised.

When everything is in good working order the patient is placed in

the circuit of the string galvanometer by attaching certain electrodes

to the body. The important matter now to be considered is the

elimination of secondary or polarizing currents. For this purpose large

nonpolarizable flexible sheet electrodes of German silver are used.

These electrodes, covered with light felt and moistened with a hot salt

solution, are fastened to the arms and to the left leg. But there still

remains a skin reaction that may cause a polarizing current suffi-

ciently great to obscure the cardiac reaction, which must be elimi-

nated. This is accomplished by introducing into the circuit, through

a rheostat, a sufficient amount of current from a single dry cell,

to counterbalance the secondary current of the skin reaction.

After everything is properly adjusted a cardiographic record

will begin being registered on the drum. These drums contain as

much as two hundred feet of sensitized film, and as this is drawn in

front of the shadow of the string it records the oscillations that are

produced by the varying potential of the heart muscle.

From the foregoing it may readily be seen that electrocardio-
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grams may be made at a distance from the apparatus. Thus in a

hospital, a room may be devoted to the making of electrocardio-

grams, and records may be taken from any patient without moving

him from the ward. All that is necessary is to attach the electrodes

to the patient wherever he may happen to be, and then by means of

insulated wires to connect him with the electrocardiograph.

Fig. 252.—Electrocardiogram of a Normal Heart.

Wave P represents auricular contraction. Waves R to T represent ventricular

contractions. The galvanometer string is so standardized that a deflection of 1 centi-

meter represents the passage of 1 millivolt of current. Vertical lines measure 0.04
second time intervals.

Through the courtesy of Dr. T. Stuart Hart, of New York,

we are able to reproduce two selected electrocardiograms which are

shown in figures 252 and 253.

Figure 252 shows a normal electrocardiogram. Wave P rep-

resents the auricular contraction, waves R to T represent ventricu-

lar contractions. The galvanometer string is so standardized that

Fig. 253.—Electrocardiogram of Complete Heart Block.

Wave P represents auricular contraction. Waves R to T represent ventricular con-
tractions. Standardization as in figure of Normal Electrocardiogram.

a deflection of one centimeter represents the passage of one millivolt

of current. The vertical lines measure 0.04 second time intervals.

Figure 253 is the reproduction of an electrocardiogram of com-

plete heart block. Here again wave P represents the auricular

contraction, and waves R to T represent the ventricular contractions.
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The standardization is the same as in the reproduction of the normal

electrocardiogram.

The Psychogalvanic Reflex.

Many observers have noticed that the two halves of the human
body . would at times and under the same conditions offer different

resistances to the electric current. These observations led to fur-

ther investigations, and it was found that when such a difference in

resistance existed, there was also a difference of potential of the two

halves of the body which could be measured by a galvanometer.

Many hypotheses were advanced to explain this phenomenon. It

was at first thought that the difference in potential was caused by

a greater or less activity of the sweat glands of the two sides, but by

a long series of experiments Wells and Forbes showed that the action

of the sweat glands and the circulation could be excluded, and that

the difference was, in all probability, caused by a change in the

emotional state.

In order to test the difference in potential of the two halves of the

body it is necessary to use two nonpolarizable electrodes and a deli-

cate galvanometer. The two hands of the subject are first firmly

fastened, and the middle fingers of each hand is inserted into an

individual, properly prepared, nonpolarizable electrode. The gal-

vanometer is then placed in the circuit of the two electrodes. A
deflection of the galvanometer needle may be noted, varying with the

emotional changes of the subject. The change of potential which

is thus registered is called the psychogalvanic reflex.

Emotional effects, for experimental purposes, can be obtained

by stimulating the various nerves of special sense. Pleasant and

disagreeable odors will cause emotional changes through the ol-

factory nerve. Cacophonous sounds and harmonies from a phono-

graph, dazzling or colored lights, spoken terms of endearment,

praise or threats, are all methods by which varying emotions can

be aroused so as to obtain a record of the psychogalvanic reflex.

There are of course many obstacles in the way of obtaining this

reflex, and many outside influences may affect it. If these can be

eliminated there will be a great field for its use in psychiatry and

even criminology. It can be readily understood that an instrument

that is supposed to detect the varying emotions lends itself to the

building of fantastic theories and fanciful speculation.



CHAPTER II

PRINCIPLES OF ELECTRODIAGNOSIS AND ELECTRO

-

PROGNOSIS OF DISEASE OF THE MOTOR
APPARATUS

Doctrine of the Neurons. Increased Excitability. Diminished Ex-

citability. Reaction of Degeneration. Other Qualitative Alterations.

Medicolegal Relations.

Having, by the aid of the charts, determined upon the point of

application from which a certain nerve or muscle can most easily

be stimulated, the contraction then having been obtained and atten-

tion given to the strength of current necessary for the production

of a minimal contraction, as well as to the sequence and nature of

the contraction, we are in a position to draw from such observations

conclusions as to the normal or pathologic state of the nerve or

muscle that has been stimulated. We can best understand what

conclusions may be warranted in any of the varied conditions found,

after a preliminary consideration of the doctrine of the neurons, and

a review of our anatomic and physiologic knowledge of the motor

conducting paths.

According to the doctrine of the neurons, systematized by Wal-

deyer in 1891, the entire nervous system is composed of innumer-

able entities—units—that do not coalesce, but enter into relationship

with one another merely by contact, and, being superimposed one

above the other, constitute the conducting paths for the physiologic

processes of stimulation that take place in the peripheral and central

nervous system. These units are called neurons, and each neuron

consists of a ganglion cell with its processes.

The processes are of two kinds:

1. The protoplasm processes, or dendrites, constituting an integral

part of the cell.

2. The axis-cylinder process, axon, neuraxon, etc.

This axis-cylinder process, according to the cell from which it

emanates, either continues as a medullated nerve-fiber, or soon after

376
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its derivation splits up into branches. If it courses, as a medullated

nerve-fiber—and this is the only kind that interests us here—it gives

off small side branches

—

collaterals—that split up into fine end rami-

fications or brushes; the final ending of the axon splits up in the

same manner. These branches surround the ganglion cells and

other neurons or end in peripheral parts. The end ramifications of

the axons serve for the transmission of nerve impulses from the cell,

the protoplasm processes probably serving for nutritive purposes, as

well as for transmission of impulses to the cell. It is probable also

that in their vital activity the various parts of the neuron are de-

pendent for their existence upon one another, so that the axis-

cylinder certainly dies when its cell is destroyed or separated from

it, and that, on the other hand, the cell undergoes certain unvarying

changes when its peripheral part is affected.

The main importance of these teachings is that the neuron con-

stitutes an embryologic and histologic unit, which physiologically also

functionates as a unit. 1

Of such units, the direct motor path, which takes its origin from

the large pyramidal cells in the central convolution, is made up.

The series of protoplasm processes of each such cell is directed

corticad, while the single long process, the neuraxon, courses down-

ward toward the periphery. These neuraxons pass through the

white substance of the hemispheres, and are gathered together in

a narrow band that passes through and occupies almost the whole

of the posterior segment of the internal capsule; they then pass through

the crus, the pons, the medulla oblongata, here giving off some termi-

nals that cross to the nuclei of the motor cranial nerves, each process

constituting a fiber of the pyramidal tract, which is entirely made up

of such neuraxons. Ninety per cent, of these fibers cross over at the

lowest part of the medulla, each one decussating with the symmetric

fiber of the other side; and about 10 per cent, do not cross, but con-

tinue down on the same side. The crossed bundle having formed the

anterior pyramids, passes into the lateral column of the spinal cord

1 While, in order to simplify matters, we have said nothing of the further investiga-

tions, more especially of Apathy and Bethe, we fully concede that these investigations

—

which tend to show that the nerve tissue is made up of nerve-cells and a specific nervous

substance—viz., the fibrillar substance, which seems to be the carrier of nerve function

—no longer allow the conception of the neuron to be maintained in its entirety; yet the

results of pathologic observations and of animal experiments oblige us to cling tena-

ciously to the conception of the neuron as a functional unit.
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to form the crossed pyramidal tract, which continues on, decreasing

in size, as far as the sacral part of the cord.

At various levels of the cord fibers deviate from their vertical

downward course into a horizontal one, to pass into the anterior

horn, and split into their arboreal endings, which surround large poly-

gonal cells here situated, and enter into connection with them by con-

tact. The pyramidal cell, with all its processes, thus constitutes a

unit—a neuron—and is known as a corticospinal or central motor

neuron.

The motor anterior horn cell again sends off numerous dendrites,

of short course and cellulipetal conduction, and a single neuraxon,

which latter courses through the anterior horn into the anterior

nerve-roots, and first as a fiber of this root, and then, as a fiber of

the peripheral motor nerve, reaches a muscle-fiber. Here again it

splits up into a terminal brush and enters into connection with the

muscle-fiber by means of contact. Each of these large cells of the

anterior horn, with all its processes, again constitutes a nerve unit

—

a neuron—and is known as a spinal muscular cell, or peripheral

motor neuron.

The path of the motor cranial nerve is constituted in the same

manner, consisting also of two neurons—(i) a central neuron with

its cortical cell, processes, and end brush, which enters into connection

with the nucleus of the cranial nerve of the opposite side, and to this

latter conducts impulses; and (2) a peripheral neuron, consisting of

a cell of this nucleus, with its axis-cylinder process, which passes as

a fiber of the cranial nerve to the base of the brain, and then as a

peripheral cranial nerve-fiber to the muscle-fiber, with which latter

it forms an end brush connection, in the manner already described.

From these facts we learn that, physiologically, the cell of a

cranial nucleus possesses the same significance for this cranial nerve

as does the cell of the anterior horn for its spinal nerve. We know
also that injury or disease interrupting the integrity of the motor

conducting path or affecting the cell of either of these neurons sets

up an anatomic change in the corresponding axis-cylinder. As each

neuron is an independent unit, it is not surprising that the ana-

tomic change—the degeneration—thus caused should be limited to

the neuron so affected, and leave the conducting paths of the others

uninvolved. The muscle-fiber virtually forming part of the periph-

eral neuron must, in case of degeneration of this neuron, degene-
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rate with it; while in lesions of the central neuron it need not be so

affected.

As a degenerated muscle responds to electric stimulation with a

pathologic reaction, known as the reaction of degeneration, we have,

in such a reaction, a means of demonstrating the existence of disease

at some portion of the peripheral neuron—that is, in the muscle, the

nerve-fiber, the nerve-root, or the large anterior horn cell. Other

changes in electric excitability are due to disease of other parts of

the motor tract.

Let us consider, in the order in which they have been described,

the diagnostic and the prognostic value of the various alterations of

excitability.

i. Increase of excitability is usually found in both muscle and

motor nerves, and is present to stimulation by all forms of current.

Such an increase must indicate some actual molecular change at

some part of the nervous system—either a state of irritation in the

centers of the parts examined or a loss of the inhibitory influence

of the brain upon the peripheral nerve tracts. The information

given us by this condition is not of very great practical importance.

Hyperexcitability has been found in cerebral hemiplegia accom-

panied by signs of motor irritation, and in the contractured extremities

of patients suffering from a recent attack of hemiplegia, as well as

in the early stages of brain-tumor and in dementia paralytica at all

periods of the disease.

Of affections of the spinal cord, an augmented state of excita-

bility is found occasionally in locomotor ataxia, in single cases of

transverse myelitis, and in the early stages of progressive muscular

atrophy in single muscles that as yet show no other evidence of

disease. In the last-named affection this increase may occur upon

stimulation of both muscles and nerves, or upon that of the muscles

alone, and is of prognostic value in determining the early involve-

ment of these parts. More frequently an increase of nerve excit-

ability is encountered as part and parcel of severe peripheral facial

paralyses, as well as in peripheral musculospiral paralyses, and in

single cases this increase has been present to both direct and in-

direct stimulation.

In some cases of fresh neuritis, as also in certain occupation neu-

roses, probably also of neuritic origin, an increased excitability of

single muscles of the hand has been observed. In fresh cases of
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hemichorea the faradic excitability and galvanic excitability of the

muscles upon the affected side have been found augmented. All

these facts, however, are so inconstant as to be of little, if any,

diagnostic significance.

In tetany, however, a pure increase of excitability of muscle and

nerve to both currents is a usual occurrence, and this increase of

excitability to nerve stimulation is never absent.

This fact is of diagnostic importance in the differential diagnosis

between tetany and similar affections, more particularly hysteric

spasms of the extremities. The possibility of obtaining an An. Te.

speaks for the existence of real tetany.

2. Diminution of the excitability occurs under numerous con-

ditions, and formerly was supposed to be the most frequent form

of anomaly found in peripheral paralysis; but since more and more

attention has been given to the slighter degrees of qualitative dis-

order, the less often do we encounter a pure reduction. Neverthe-

less, diminution alone is met with in mild cases of peripheral paralysis,

and, of course, in severe ones after the reaction of degeneration has

disappeared. In some cases of neuritis a slight diminution also is

found. It has been claimed by Gumpertz and others, that in neu-

ritis due especially to lead-poisoning, even when no extensive paraly-

sis existed and the electric reactions were practically normal, an

anticipatory diagnosis could be made from the fact that faradic

stimulation of the musculospiral nerve fails to give a response when

the anode is employed, and that a distinct reaction is produced by

stimulation with the kathode. This claim has been found to be

fallacious by J. J. Putnam and others; and, moreover, it is certain

that this peculiar loss of excitability to the faradic anode does

exist in the musculospiral distribution of a certain proportion of

apparently healthy persons. Many cases of atrophy consecutive to

cerebral paralyses, affections of the central motor neurons due to

hemorrhage, softening, etc., followed by monoplegia, hemiplegia, and

diplegia, in which the peripheral neurons remain unaffected, show

also simple diminution of excitability. The same will be the case

in tract diseases of the spinal cord and in diseases of the cerebellar

peduncles, pons, and oblongata, without affection of the cranial nerve

nuclei. Even the marked muscular atrophy of amyotrophic lateral

sclerosis may show only pure quantitative reduction.

A pure diminution of excitability is observed, above all, when-
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ever, in consequence of disease or injury, the musculature has been

rendered inactive for a long time and its function and nutrition have

thus been hampered. The causes for such prolonged inaction of

muscles are chronic joint affections, fractures whose union has been

delayed, intramuscular growths, long-continued mechanical compres-

sion due to splints and bandages, as also purely functional disease,

as hysteria. If, in such functional cases, reduced electric excitability

is found, it is an important symptom in the differential diagnosis

between simulation and hysteria, since in cases of simulation no

such reduction occurs. This fact is of special value in establishing

the diagnosis of traumatic hysteria, when it may have juridical im-

portance. Of course, a negative result of the examination proves

nothing one way or the other.

The atrophies of reflex origin that occur, often very rapidly, after

the production, by disease or injury, of lesion in a joint, or that, as

Charcot has shown, may follow an injury in the vicinity of a joint,

are accompanied by simple reduction of electric excitability of the

muscles, if any alteration at all be present. This fact is also of

diagnostic importance, for in another large class of cases in which

muscular atrophy similarly occurs, in association with lesions in or

about joints, but is neuritic in nature (being due to inflammation of

the periarticular nerves, while the involvement of the joint is usually

secondary), a reaction of degeneration is always demonstrable. The
prognosis and treatment of these two forms of so-called arthritic

muscular atrophy being essentially different, it will be seen that it is

of great practical moment to determine whether mere diminution

of excitability or reaction of degeneration be present.

Myopathic atrophies, due to disease of the muscle itself, show also

simple diminution, of excitability, while the qualitative character of

the contraction remains perfectly normal. This is particularly the

case in the progressive muscular dystrophies, pseudohypertrophic paral-

ysis, juvenile, infantile, and other forms of primary myopathy, in

which, at some period of their course, such a reduction may always

be found. The recognition of the electric changes in these cases is

of supreme importance diagnostically whenever any doubt exists as

to the muscular or spinal origin of the atrophy. The primary mus-
cular atrophies show reduction or loss of electric excitability

—

i.e.,

quantitative, and never qualitative, disorders; while in the spinal
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forms of muscular atrophy, the peripheral neurons being involved,

reaction of degeneration often is encountered.

Some cases of progressive muscular atrophy of spinal origin, how-

ever, on account of the relatively small number of muscular fibers

involved by the degenerative process, show no reaction of degenera-

tion. It is therefore to be noted that whereas only the actual pres-

ence of reaction of degeneration is proof of spinal cord disease, and

the presence of quantitative disorder only is presumptively an indi-

cation of muscular disease, the exclusion of lesion of the spinal neuron

must be corroborated by other clinical evidence.

In true muscular hypertrophy, as well as in polymyositis progres-

siva and that due to trichinosis, simple diminution of excitability

has been observed. In all cases of simple diminution care should

be taken that no error of examination or observation has been com-

mitted; for such errors may occur easily, and all apparently slight

disorders of this nature should be carefully corroborated by repeated

examinations.

Reaction of Degeneration.

Much more important, diagnostically, than either of the foregoing

quantitative anomalies is the quantitative and qualitative one of

reaction of degeneration. In view of the picture of this disorder

already given, it would seem that the diagnosis of R. D. is one of

the simplest; yet this reaction is by no means infrequently over-

looked, and this after repeated examinations by competent ob-

servers. This is due to the fact that R. D. in its complete form, as

ordinarily depicted, is found only in severe traumatic paralyses, and

in them not always. The chief clinical deviations from the strict

type are dependent upon the persistence of galvanic and faradic ex-

citability of the nerve, so that not only is it frequently not lost, but

often it is only very slightly reduced. In addition it not in-

frequently happens that the faradic excitability of the muscle is but

slightly altered, or may even remain unchanged.

In view of the inconstancy of these elements of R. D. its most

important feature must be acknowledged to be the torpid quality

of the muscular contraction upon galvanic stimulation.

All possible gradations from complete R. D. to a barely demon-

strable partial one may exist; and only long practice and careful

observation can in many cases guard against failure to recognize
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them. The seat of the underlying pathologic condition is the deter-

mining factor in the production of R. D., and while the severity of

the anatomic disorder necessarily influences the extent of the degen-

erative reaction, etiology has absolutely no influence upon its

production.

The seat is always the neuraxon and muscle ; the nerve may be

affected at any part of its course

—

i.e., spinal nuclei in the anterior

horns, anterior roots, peripheral branches, and intramuscular endings.

In the case of the cranial nerves the nuclei of the medulla take the

part of the spinal nuclei. Whenever the nerve is affected at any

of these parts, we may have reaction of degeneration, and what is

even more valuable, whenever we find reaction of degeneration, we
are warranted in assuming disease of the motor nerve at some part

of its course.

In pure muscular disease without involvement of the motor nerve

endings R. D. is never present.

From these facts it is clear that the presence of R. D. is of diag-

nostic significance, as showing the presence of degenerative changes

due to secondary disease of the muscles following lesions of the periph-

eral nerves or of their spinal or bulbar nuclei. The diseases in

which R. D. is therefore encountered with most constancy are:

1. Affections of the peripheral nerves due especially to pressure,

contusions, incisions, or injuries of any kind, whether of a mechanical

or chemical nature. But even without direct injury, R. D. is an

invariable occurrence in all degenerative forms of inflammation of

the motor and mixed nerves, whether due to inflammation of ad-

joining structures or to primary inflammation of the nerve itself as

a result of infection or of toxic irritation.

2. Affections of the motor nerve-roots, cranial or spinal, due to

meningeal exudative processes of various kinds, affections of the

bones, etc.

3. Affections of the anterior horn cells in the spinal cord and of

the cranial nerve nuclei.

The spinal cord diseases in which the motor cells of the anterior

horns are affected and that, therefore, show R. D., are acute, sub-

acute, or chronic poliomyelitis anterior and the spinal forms of pro-

gressive muscular atrophy. Of course, if the cells of the anterior horn

become involved, we shall also observe R. D. in amyotrophic lateral

sclerosis, new growths, glioses, and syringomyelia, hematomyelia, trans-
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verse myelitis, and disseminated sclerosis, but when these processes

are limited to the white substance of the cord, no R. D. will be found.

The cerebral affections in which R. D. is found are bulbar paralyses

of various kinds, and affections of the hind-brain due to cardio-

vascular disease, provided the disease is confined to the nuclei of

the nerves.

In progressive muscular atrophy of spinal origin the R. D. found

is usually of the incomplete type, and is demonstrated best in the

small muscles of the hand, while in the form in which the bulbar

nuclei are involved, the same incomplete R. D. is demonstrable best

in the muscles of the lips, chin, and tongue. This demonstration

is not always easy, but if care be taken it will not be overlooked.

In nuclear affections of the facial nerve both complete and partial

R. D. are found.

Interesting is the reaction of nerves and muscles in lead pa-

ralysis on account of the individual symptomatologic position

that this affection occupies. Here R. D. is regularly found in the

paralyzed muscles, and partial or even complete R. D. has also

been found in muscles that have never been paralyzed.

While there is no doubt that the diagnostic significance of R. D.

was formerly much overestimated, yet it is also certain that it is of

eminent value. The subject may be summed up in the statement

that, with the exception of a very few cases of myopathic atrophy

and cerebral hemiplegia, th£ presence of R. D. is proof of disease

in the peripheral neurons. An attempt has been made by some

writers to speak of a functional R. D. in hysteria. Such attempts

cannot be opposed too energetically. R. D. is always a sign of

organic disease. As every neurologist knows, organic disease is

frequently found implanted upon a hysteric soil. The finding

of R. D. in a case of hysteria thus means that the patient is suffering

from some organic disease in addition to the hysteria.

The electrodiagnostic investigations of recent years have taught

us much, especially in leading us to discard a great deal of worth-

less "knowledge," but it must be admitted that in view of the time

devoted, the results obtained are as yet too meager.

Prognostically, certain significant deductions may be drawn

from the presence and course of R. D. Whenever we find R. D.,

we have evidence of changes in the nerve and muscle substance

that never are susceptible of a rapid and complete recovery; and
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only after the lapse of from two to five months shall we be able

to say whether or not a certain case of severe disease in the peri-

pheral motor neurons be susceptible to recovery. If, after this

time, the electric excitability, which had previously been lost, begins

to return, we may look upon it as a favorable sign and conclude

that we are probably dealing with a recoverable case; and the

greater the number of muscles showing such a return of direct or

indirect excitability, the better will be the prognosis. Even if there

should be at this time no return of the faradic excitability, but the

galvanomuscular excitability becomes diminished and at the same

time the muscular contractions begin to lose their abnormal slow

and torpid character, becoming more prompt and rapid, the prog-

nosis, as a rule, is favorable.

If, on the other hand, the same diminution of galvano-excita-

bility takes place without any alteration in the form of contraction,

the latter still being slow and torpid, the prognosis is generally

unfavorable. Yet we should guard against giving an absolutely

bad prognosis at too early a time, for even after the lapse of a year

the electric excitability may return and the muscular reaction

become normal.

In certain forms of peripheral paralysis, R. D. is of special

prognostic significance. These are facial paralyses of so-called

rheumatic origin, and paralyses of the extremities due to pressure.

Such paralyses, when unaccompanied by R. D., usually run their

course to recovery in from three to four weeks; when they show

partial R. D., recovery occurs in from six to twelve weeks; and

when accompanied by complete R. D., from six to twelve months

are necessary for restitution. It is thus evident that the probable

duration of the affections may be foretold at about the end of the first

week or during the second week. If, at this time, the reaction to

electric stimulation be normal, recovery will ensue usually in the

course of a few weeks; if partial R. D. be present, recovery may
be expected in about two months; and if complete R. D. be found,

recovery will not take place in less than from six to nine months.

While these rules are of value also in prognosticating the prob-

able duration of paralyses of certain muscular groups due to toxic

and infectious forms of neuritis, they give no clue as to the duration

of the disease itself. Care must be taken in endeavoring to foretell

the course of a paralysis solely upon a basis of partial reaction of

25
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degeneration, for as such disorder is found in progressive and in-

curable affections, this symptom should be utilized only in conjunc-

tion with other etiologic and clinical facts.

Other associations of quantitative and qualitative changes

do not permit of any localizing diagnostic or prognostic deductions,

but are evidence merely of general muscular weakness, from what-

soever cause. Thus a diminution in the maximal contraction and

a contraction in fibrils or bundles is a sign of such weakness, as is

also a myoclonic contraction. They may be of diagnostic aid,

when present, in differentiating a state of actual weakness from one

of simulated weakness in medico-legal cases; but here, as elsewhere,

a negative finding is of no value whatever.

In some cases of progressive muscular atrophy such abnormal

contractions may be present in certain muscles that are still func-

tionally unaffected; in this case the implication of such muscles by

atrophy and paralysis in the near future may be correctly foretold.

The myotonic electric reaction, when combined with the myo-

tonic reaction to mechanical stimulation, is as certainly pathog-

nomonic of myotonia as any single symptom can be pathognomonic

of any disease; but we have in a single case found such a condition

in certain muscles that after the lapse of six months gave a perfectly

normal reaction. We should not look upon every prolongation

of a tetanic contraction as a myotonic one, for such prolonged

contractions may occur in hysteria, tetany, and in a variety of occu-

pation neuroses. So, also, the myasthenic reaction appears to be

pathognomonic for myasthenia gravis pseudoparalytica, while the

significance of a neurotonic reaction is not understood at all.



CHAPTER III

DIAGNOSTIC AND PROGNOSTIC IMPLICATIONS OF ALTER-
ATIONS OF RESISTANCE, DISORDERS OF CUTANEOUS
AND MUSCULAR SENSIBILITY, AND OF ANOMALOUS
REACTIONS OF NERVES OF SPECIAL SENSE

Resistance.

The affections in which an alteration of electric resistance may
be found have already been enumerated, but much beyond this

we cannot go. The value of these observations for practical pur-

poses is infinitesimal, as not only are errors of observation prone

to occur through neglect of attendant circumstances, perspiration,

previous medication, friction, etc., but the diagnosis of special dis-

eases in which such alteration occurs can easily be made without

this additional symptom.

Were the diminished skin resistance of exophthalmic goiter pres-

ent in the formes frustes—the only cases in which a diagnosis may
be difficult—its value would have to be conceded. Our own ex-

perience has, however, taught us that when found, it is only in

pronounced and well-developed cases.

The investigations of Eulenburg, which tend to show that a resist-

ance of the head of less than iooo ohms, or of more than 2000 ohms,

must be looked upon as certainly pathologic, have also been of no

diagnostic advantage. The observations of Mann, which show

a reduced resistance of the head in many cases of traumatic neu-

roses, are deprived of all diagnostic moment in so far as the trau-

matic factor is concerned, through his own findings of the same

reduction in neurasthenics who had met with no injury.

Electrocutaneous Sensation.

Nor is the electric examination of sensory nerves, when taken

by itself, of diagnostic value; for by this means we test only the

pain sense, while the other qualities of sensation are neglected, and

for such a test of the sense of pain we have other and better methods.

Nevertheless, a careful examination of electrocutaneous sensibility

shows that in tabes there may exist a faradic analgesia without

any sensory loss to other forms of stimulation, a peculiar phe-

nomenon whose satisfactory explanation has not been given. In
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Dr. S. Solis Cohen's case of cervical tabes simulating syringomyelia,

both galvanic and faradic sensibility shared in the general sensory

perversions. Interesting in this connection are the studies upon my-

elitis, hemiplegia, anesthesia, and hysteric hemianesthesia by Grazia.

who found that in none of the patients whose tactile, pain, and

temperature senses were altered did a disorder of faradocutaneous

sensibility correspond with a disorder of any other sensory quality.

It may occasionally be of value to remember that the faradic

brush furnishes an excellent means for the detection of simu-

lated analgesia. We have also found the galvanic kathode to furnish

a convenient method of diagnosticating disease in the bodies of

single vertebral. The passage along the spine of such a moist electrode

carrying the strong galvanic current will give rise to intense pain

at the point of disease, and thus indicate the existence of an irritable

condition of certain sensory nerve-roots.

Muscular Sensibility.

The state of electromuscular sensibility is examined only with

difficulty if cutaneous sensibility be normal, for under such condi-

tions the pain produced on the surface obscures every deeper sen-

sation. When, however, skin sensation is obtuse, it is possible

that some deduction may be made from the muscular sensation

caused by faradic contraction. This electromuscular sensibility,

according to recent observations of Muller, is not dependent upon

the contraction of the muscle, for it may be present when no such

contraction can be obtained, but is due to direct stimulation of the

sensory nerve of the rnuscle. In paralyses due to traumatic dis-

order of mixed nerves, the persistence of such electromuscular

sensation when the injured nerve is stimulated would indicate that

the conductibility of such nerve is not completely lost, and this

could be utilized prognostically.

Sense of Taste.

For the purpose of determining the localized loss of the sense

of taste, it is best to make use of a double electrode, consisting of

two wires insulated from each other and connected by one end, by

means of binding screws, to one or more cells (from }{ to 3^ of a

milliampere of current suffices), while the other, free, ends are

applied directly to the tongue. By this means each single point

of the tongue may systematically be tested.
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Reduction and loss of taste perception upon galvanic stimu-

lation has been found on the anterior two-thirds of the tongue, as

part and parcel of trigeminal anesthesia due to lesion at the base

of the brain, and in traumatic and rheumatic facial paralysis in

which the fibers of the chorda tympani are involved. Loss of taste

upon the posterior one-third of the tongue supplied by the glos-

sopharyngeus is much more infrequent.

Inasmuch as diminution and loss of taste perception due to gal-

vanic stimulation are also found in central affections in conjunc-

tion with loss of perception to other forms of stimulation, the diag-

nostic value of such localized galvanic examination is not greater

than that of other means of investigation.

As, however, the perception of taste due to the passage of a

galvanic current through the nape of the neck is due to central

stimulation of the gustatory nerves, the presence of such percep-

tion, when general taste perception upon peripheral stimulation

is lost, should, according to Eulenburg, point to a lesion in the

conducting path of the nerves of taste themselves.

Sense of Sight.

In view of the difficulty of electric examination of the sense of

sight, in consequence of the untrustworthy character of self-ob-

servation of patients, the pathologic indications obtained by such

examinations are as yet few and unimportant.

As the galvanic visual reaction is dependent upon the existence

of normal optic nerve-fibers, it is natural that in the absence of such

fibers, as in atrophy of the nerve, no reaction can be obtained. Par-

ticularly in the atrophy accompanying tabes there is first noticed

a loss of color perception in the eye more affected, and, finally,

diminution and loss of light perception are observed. Also in

hemianopsia a corresponding loss of galvanic color perception has

been observed, and marked diminution of galvanic light and color

perception in addition to other sensory loss has repeatedly been

found in one eye of patients suffering from hysteric hemianes-

thesia. Many other observations in single cases have been made,

but, owing to the paucity of material, they are valueless. Never-

theless, Lumbrosi and Levi have attempted to utilize the specific

reaction of the eye to galvanic stimulation for diagnostic purposes,

and then to differentiate the affected from the unaffected eye in

functional neuroses.
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Much yet remains to be done in this territory by ophthalmolo-

gists and neurologists, and it is probable that such labors will in

the end be rewarded by valuable results.

Sense of Hearing.

Diagnostically important is here the occurrence of perceptible

results in consequence of electric stimulation of the acoustic nerve,

for if the nerve reacts promptly and easily to such stimulation, we
may conclude that we are dealing with a pathologic condition—

a

hyperesthesia. Such hyperesthesia is usually found associated

with a hyperemic state of the organ, due to whatsoever cause, and

with nutritional disorder of the nerve in consequence of disease of the

conducting apparatus.

Thus, in nearly all cases of perforation of the drum a "normal"

reaction formula is obtained, as well as in more than 50 per cent, of

the affections of the organ itself or of the nervous system. Such

hyperesthesia is found in many cases of so-called nervous tinni-

tus, in tabes and in other spinal cord affections, and in endocranial

disease with pressure symptoms, without our being able to say

whether the anomaly is due to alteration in the nerve itself or is

produced by affection of the middle ear.

For this reason its diagnostic value is not great, and it has not

yet been possible to formulate any rule by which such alteration

may be connected with any certain anatomic change. So, also,

torpor of the nerve and quantitative alterations, while observed in

single cases, have no practical diagnostic value.

From this it will be seen that the prognostic significance that

Brenner ascribed to examinations of acoustic reaction have not

been borne out practically.

Sense of Smell.

Electric examination of this sense, while corroborating the exis-

tence of anosmia in certain cases of injury, in cerebral hemorrhage,

in brain-tumor, and in hysteria, gives us no information regarding

anatomic seat of the lesion causing the disturbance of function,

and is, therefore, without diagnostic or prognostic value.

The same remark applies to the action of the electric current

upon vasomotor and secretory nerves, as well as upon all central

organs.
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GENERAL ELECTROTHERAPEUTICS

CHAPTER I

THEORETIC BASIS OF ELECTROTHERAPY

Scope. History. Duchenne and Retnak. Accurate Dosage. Revival of

Static Electricity. Hypnotism. Theory of Suggestion. Dynamic

Action. Indirect and Direct Influence. Physical Effects. Psychic

Influence. Direct and Indirect Suggestion. Augmented Intention.

General Conclusions. Mental and Technical Equipment.

While a treatise on electrotherapy should embrace all applications

of the electric current, in whatsoever form, to the treatment of disease,

it is usual under this title to consider only the therapeutic effect of

electricity upon the intact organism. This restriction is convenient,

and we shall in the main adhere to it. The therapeutic uses of

galvano-cautery, of electrolysis, and of fulguration belong properly

to the department of electrosurgery, and therefore we refer to them

only where they may be of use in general therapeutics. X-ray

and light therapy, on the other hand, are branches that we feel do

not belong in this work, and therefore they are in the main excluded.

Historic Resume.
Before entering upon a consideration of the present status of our

electrotherapeutic knowledge, it will be not only interesting, but

also serviceable, to make a brief survey of the history of this branch

of medicine. The somewhat mythic stories of the employment

by the ancients of natural reservoirs of electricity—as, for instance,

the bathing of patients in water containing electric fish, more

especially eels—can interest us mainly as feats of imagination,

or, at most, as historic curiosities. It is of special interest to note

that this manner of therapeutically applying electricity must have

been limited to the countries bordering upon the Mediterranean,
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for these are the only European waters in which the various fish

with a strong electric apparatus are found. Certain it is, however,

that the muscular contractions observed in consequence of such action

led to the celebrated experiment of Galvani, whose discovery was by

no means one of chance, as many assert.

While the invention of the friction machine by von Guericke

in 1663 must be looked upon as the inauguration of the actual

therapeutic employment of electricity, and the later clinical reports

of de Haven, Jallabert, Manduyt, and others as an elaboration of

such use, yet all that has been transmitted to us from that period

is the claim that phenomenal successes in treatment had been attained

by means of electricity.

It was, therefore, not surprising that the end of the eighteenth

century, bringing with it not only the discoveries of Galvani, but

also those of Volta, relegated to obscurity the applications of fric-

tional electricity, with their vaunted cures. But even galvanism

could not battle against such obstacles as the impracticable apparatus

at that time necessary for its production, and its exaltation to

the position of a general panacea. It is instructive to read how
Grapengiesser, notwithstanding the fact that the currents at his dis-

posal were so weak, and that their application required special

preparation of the skin by excoriating the places of application with

cantharides, cured paralysis, gout, rheumatism, feeble eyesight,

cataract, deafness, paralysis of the bladder, aphonia, and goiter by

means of electricity.

In consequence of such and similar exaggerated conceptions of

its value, and the lack of judgment thereby manifested, galvanism

was not long able to maintain the position it had acquired in

medicine.

For years the therapeutic use of electricity then lay dormant, and

it was really not until Oersted had discovered the force of magneto-

electricity, and, a few years later—in 1832

—

Faraday had made his

fundamental discovery of induced electricity that, as a direct re-

sult of the construction of the first induction coil, electrotherapy

escaped from the contumely with which it had been regarded,

and its rehabilitation ensued.

Physiologic investigations of electricity, which, under the impetus

given by Galvani's followers, made rapid progress, hardly concern

us here, unless for the statement that the influence of these in-
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vestigations, even that of the epoch-making discoveries of DuBois-

Reymond, had little or no effect upon the contemporary develop-

ment of electrotherapy.

The foremost representative of the new era upon which this

branch of therapy then entered, in fact the father of modern electro-

therapeutics, is undoubtedly Duchenne, of Boulogne. Putting aside

all theoretic considerations, he applied himself to the task of studying

the therapeutic action of the medical current and its effects upon the

muscles and nervous system. He it was who developed the method

of localized electrization, and it was he also who, through his pains-

taking investigations, gave a sound basis to our knowledge of electro-

muscular contractility and electrocutaneous sensation.

At the same time another name should be singled out to bear

that of Duchenne company: R. Remak did as much to furnish a

scientific therapeutic basis for the constant current as did Duchenne

for the induced current. Upon this foundation were built the works

of von Ziemssen, Brenner, and Erb. In 1881, at the International

Congress in Paris, another impetus, which may be looked upon as

the turning-point in its scientific career, was given to electrotherapy.

This was the . introduction of the absolute galvanometer. By this

means, for the first time, it became possible to regulate the dosage of

the current, and therefore to allow a certain predetermined amount

of electricity to pass through a given part of the body.

As a result of these and other scientific labors, electrotherapy

then almost constituted a science in itself—one that by many was

considered complete and unalterable. Soon thereafter came the

rejuvenation of static electricity in Paris, its general employment

there coinciding in time with the renewed attention bestowed

upon hypnotism, and the subjects of both methods of treatment

being chiefly patients suffering from some form of hysteria.

The instantaneous results obtained upon this class of patients

by means of static electricity, as well as by hypnotism, could not

fail to attract attention, and the step herefrom to the assumption

that both agents acted through the same channel—namely, sugges-

tion—was but a short one.

Moreover, unscientific, ultra-sanguinistic claims and beliefs had

obtruded themselves to such an extent upon the study of the treat-

ment of disease by electricity, that the employment of the electric

current was advocated in nearly every kind of disorder, no matter
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how slight or how grave, to which the organism is subject. Many
of its advocates not only possessed no knowledge as to how elec-

tricity effected its alleged instantaneous cures, or by what means it

might be of early or late curative value in any special affection, but

were not even interested in searching for such explanation. At the

same time overmuch attention was bestowed upon the construction of

medical apparatus and upon the elaboration of special methods

of treatment, and this entire electrotherapeutic edifice was supported

by a corner-stone of mere belief.

Small wonder, then, that physicians scientifically schooled and

accustomed to search for an explanation of facts observed, should

have become ready recipients for the sweeping generalizations

soon to be deduced from the effects produced by electricity in

hysteria. When Moebius expressed the opinion that our knowledge

of the nature of the curative action of electricity is nil, and that

at least four-fifths of all the cures effected by this means are due to

psychic influence, it is not surprising that he received the full sup-

port of men like Schultze, in Bonn, and Bruns, in Hanover, and the

partial support of nearly all scientific observers.

Electrotherapy is now, the world over, being subjected to a proc-

ess of clarification, and it has thereby gained much in stability;

for certainly the electric current has withstood the critical searching

to which the why and wherefore of its action have been exposed,

quite as well as any other remedy that has had to undergo the same

examination. To Moebius will, if electrotherapy is ever placed

upon a firm experimentally supported pedestal, be due the greatest

credit for such achievement.

When one reads in a paper by an English neurologist whose name
is known the world over, that the electric current possesses an in-

vigorating action upon senile tissues, that it is curative in melan-

cholia, post-epileptic insanity, paranoia chronica and acute hallucina-

tory psychoses, and that cases of epilepsy that have not been

benefited by any medical treatment may be treated with good re-

sults by cortical galvanization; or when he reads how a well-known

German observer applied a faradic current to the occiput of a twelve-

year-old boy, who, "in consequence of great psychic excitement,

had refused all nourishment," and thus, "directly acting upon the

cortex of the basal surface of the brain in which the sense of hunger

is localized, produced nutritional and metabolic processes in the brain,
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which removed the functional disorder in the ganglion cells" and

caused the boy to eat—one cannot but recognize that the scientific

basis of electrotherapy is yet rather unstable, and that Moebius still

has worlds to conquer.

PRINCIPLES OF ELECTROTHERAPY

Any examination regarding the therapeutic value of electricity

must start with the fundamental questions: first, whether elec-

tricity in fact exerts a beneficial influence upon the course of dis-

ease; and, second, if so, in what way this is effected.

That electricity does exert some such beneficial influence must

be admitted by every unpartizan observer, for if from all cases in

which improvement has set in after the beginning of electric treat-

ment we deduct every case in which the improvement may be

ascribed to the natural course of the disease, there still remains a

large number of cases in which the improvement can be accounted

for only by assuming a causal connection between this and the

treatment.

How electricity acts in the cure of disease is, however, a question

that cannot be answered in a dogmatic manner. Such action,

in whatsoever manner it may take place, can be only a direct or an in-

direct one, and it is well to say at once that any direct curative

influence upon the structural alterations caused by disease has

not been proved and is not probable. We must, indeed, go even

further, and admit that electric applications can have no specific

action, inasmuch as electricity is a form of molecular motion and

can therefore possess no inherent influence not possessed by some

other form of dynamic treatment.

Let us, however, not be misunderstood; the negation of a direct

specific action of any remedy is by no means equivalent to a denial

of any action of such remedy. Many remedies act as stimulants,

as alteratives, or as derivatives, yet how meager would be our re-

sults in the treatment of internal diseases without such actions,

which surely are something quite distinct from a direct specific effect.

Xor is the denial of a direct specific action equivalent to saying

that electricity acts only by suggestion, for the indirect action is a

very evident and extensive one, partaking of qualities possessed by

many other remedies.
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Indirectly the function of an organ can be influenced only in one

of two ways: either by stimulating—i.e., accelerating—or by in-

hibiting—i.e., retarding it. Clearly it is impossible to add any

quality to those that an organ possesses physiologically; all that

we can do is to modify the properties that it already has.

Therapeutic Actions of the Current.—This modifying influ-

ence, whether it be one of stimulation or one of inhibition of func-

tion, may be produced by means of electricity:

i. Through its exciting action—an action that is evidenced by

the pain produced when electricity is applied to cutaneous sensory

nerves, by contraction of muscles when the motor nerves are acted

upon, by vascular dilatation and by increased secretion when

vasomotor and secretory nerves are stimulated, and that is un-

doubtedly of prime importance in therapeusis of whatsoever nature.

A special consideration must here be given to the direct mechan-

ical effect of muscular contraction and to the stimulation of cutane-

ous and muscular sensory nerves. In the first instance the contrac-

tions directly promote the nutrition of the parts themselves, and

in the second an influence is exerted upon the deeper lying organs.

2. Through its electrotonic action—for it is evident as a result

of our physiologic studies that every current must set up, in a nerve

upon which it acts, a state of electrotonus, and that this condition

represents an alteration in the excitability of such nerves.

3. Through its chemical action and electrolytic effects.

4. Through its cataphoric action.

5. Through its psychic or suggestive action.

We have purposely refrained from mentioning other alleged effects

of the electric current, for we do not believe that they exist. Thus,

for example, the catalytic action of R. Remak, so much spoken of,

and to which even Stintzing ascribes special qualities, is merely a

composite of the actions previously given. All other claims made
for it are based upon pure assumption, and, so far as we can see, the

retention of this name would be of value only in so far as it furnishes

us with an appellation for the sum of all unknown modes of action

of the electric current.

Association of Effects.—It is hardly probable that any one of

these influences is ever dissociated from the entire group, and it

seems reasonable to assume that they all act together. That in

certain forms of current one action may preponderate over the others,
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or one or other may be almost suppressed, is certain, but how great

an effect is to be ascribed to each individual action has not been

and cannot be demonstrated.

So when the suggestionist says that four-fifths of the therapeutic

effect of electricity is due to its psychic action, the burden of proof

falls upon him and he has placed himself in an impossible position.

That, however, psychic influence does form a very large part

of the therapeutically beneficial action of electricity is undoubted,

because the channels through which it may so act are manifold.

Psychic influence may be exercised directly and indirectly, and,

what is often forgotten, intentionally and unintentional] y.

Direct suggestion is conveyed through the medium of hope or

fear, no matter how produced. Indirect suggestion is dependent

in great part upon the physiologic fact that voluntary movement is

regulated by sensory impressions—a fact constituting an important

element in all coordination and production of intended movements.

If, as is not infrequently the case, a hemiplegic patient is able,

after the application of electricity or some other peripheral irritant

to the paralyzed part, to execute a certain movement that was pre-

viously impossible, this is due to the fact that by means of the

sensory impression his will and his intention have been specially

directed to the paralyzed part, and in consequence of such aug-

mented intention he has succeeded in sending thither a motor

impulse.

Every motor impulse is due to stimulation, either of a sensory

or of a perceptional nature, and in electricity we possess an agent

peculiarly adapted to the production of both sensory and percep-

tional impressions; for by its use not only are we able to produce

cutaneous sensory perception, muscular perception, and perception

of altered posture, but in consequence of these perceptions and of

the movements caused by the stimulation the concept is aroused in

the patient that he is able of himself to bring about such a movement,

and he thus innervates more forcibly than heretofore.

In this manner partial or complete recovery of motion may actu-

ally be regained, providing always that the corresponding motor

tracts are not materially diseased or destroyed. By such indirect

suggestive paths does electricity act beneficially in hysteria ; and all

the remarkable improvements of disordered motility that follow a
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single electric application, and that are not of infrequent occurrence,

are thus psychically superinduced.

Not only can motor impulses be suggestively aroused by means

of sensory stimulation, but actual influence upon physiologic func-

tions in a part, as alteration of circulatory and nutritional processes,

can be produced similarly.

Through such channels electricity may act upon altered tissues

and upon the processes of disease. How it actually does act is the

question that Moebius has propounded and that as yet—all asser-

tions to the contrary notwithstanding—has not been answered satis-

factorily. While Moebius has strongly fortified himself in his nega-

tivistic position by placing the onus of proof upon the advocates

of a physical effect of electricity upon disease, he is, nevertheless,

perfectly fair. Briefly stated, he claims that the doctrines of elec-

trotherapy require proof; that in the majority of cases the effect

apparently "propter hoc" is actually "post hoc" merely; that in

the minority of cases, those in which there is an actual causal rela-

tionship between the use of electricity and the cure of disease, the

same results can be and have been accomplished by means of sug-

gestion; and that the proof that in electric cures we are not dealing

with results due either to the natural course of the disease or to

suggestion has not yet been furnished. On the other hand, he says

it is not proved that "there may be no road between the Scylla of

'post hoc' and the Charybdis of suggestion, and the possibility of

a physically curative action of electricity cannot be denied."

Were it, however, absolutely certain—as it is not—that electricity

cures only by psychic action and has no physical influence whatso-

ever upon disease, should we be warranted in giving up its use?

Certainly not.

It is needless here to emphasize the importance of psychotherapy

in general therapeutics. Let us now only recall two indisputable

facts: first, that psychotherapy, no matter in what form applied,

may be of benefit in all diseases that have primarily originated

through psychic processes; and, secondly, that the action of psychic

processes easily oversteps the psychic boundaries and trespasses

upon the physical sphere, producing not only functional disturb-

ances, but also structural changes in many organs.

In fact, von Strumpell is right when he says that the number of

apparently physical diseases caused by primary psychic processes is
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at least quite as large as the number of actual primary physical states

of disease. Electricity as a purveyor of suggestion is unsurpassed,

and we know of no other means by which beneficial results can be

obtained with so great certainty and rapidity in affections super-

induced by psychic action. If to the psychic action that electricity

itself exerts, and to the facility with which it can be made use of as

the carrier of intended suggestion, we add its other possible modes

of action, we certainly find therein a remedy whose field of influence

is not surpassed by any other single means of treatment. These

conclusions, theoretically arrived at, stand in full accord with the

empirically acquired knowledge of physicians of the largest practical

familiarity with disease and with electric treatment, and who are

deserving of credence as scientific observers.

Therefore, albeit that we possess little positive knowledge of the

actual mechanisms of electric therapeusis, the empirical fact remains

that electricity may be helpful in the cure of disease when other

methods fail or are slower in their action. The fact that we do

not know how a remedy acts is no valid excuse for its nonuse. Until

Laveran's discovery, who understood the curative action of the

Jesuit's bark in malaria? Yet it saved countless lives.

It is necessary to remind ourselves that only he can have good

electrotherapeutic results who, in addition to being a good phy-

sician in general, also has a thorough knowledge of the physics,

apparatus, and methods of application of the electric current. For

this reason we have endeavored, in the preceding pages, to make
these subjects clear, and whenever possible to simplify them. Nor
can too much stress be laid upon general psychologic knowledge.

No one can practice psychotherapy without such knowledge; and

he that may be inclined to the belief that psychotherapy can be dis-

pensed with if one but have the pharmacopeia at his fingers' ends

will certainly, if he be discerning, realize his error before he has

been many years in medical practice. In electrotherapy this knowl-

edge is of prime importance.

Above all, however, we should remember that electrotherapy is

but one method of treatment of the numerous methods at our dis-

posal; that the indication for its use should be well weighed; and

that the coincident use of other remedies should not be neglected.

For this reason not only should every practitioner of electrotherapy

have a good working knowledge of therapeutic principles and methods
26
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in general, but also should every medical practitioner be as thor-

oughly conversant with electrotherapy as he is with other modes of

treatment; and thus this part of general therapeutics would no

longer, as heretofore, be allowed to remain entirely in the hands of

specialists. Furthermore it is to be anticipated that the more
general diffusion among physicians of accurate knowledge concerning

electricity in its physical and physiologic relations, as well as of its

powers and limitations as a therapeutic agent, while leading to its

more extended legitimate use, will likewise tend to diminish the

quackery that now abuses the credulity of many sufferers.



CHAPTER II

GENERAL METHODS

Apparatus. Rules of Application. Choice of Current. Direction of

Current. Choice of Pole. Frequency of Application. Duration.

Place. Form and Size of Electrodes. Dosage.

In the beginning it is always well to make use of some definite

plan of treatment, and the following description of general methods

will be found serviceable in laying out such a plan. Modifications

of various kinds may be necessary in each individual case, but such

modifications hardly require description and can easily be elaborated

when once the basal methods are fully understood.

Apparatus.

The apparatus necessary for electrotherapeutic applications need

not be inconveniently cumbersome. The general practitioner will

find that a trustworthy source of galvanic supply, a current reverser,

a current controller and a current meter, an induction apparatus, and

a number of large and small electrodes with the area of their surface

marked upon them, and including a wire brush, comprise, together

with the necessary attachment pieces, all that is necessary. The

specialist, on the other hand, may replete his armamentarium with

all of the special apparatus already described.

Details of Application.

Rules.—Certain rules for the application of electricity may be

emphasized here, even at the risk of repeating some of them later

:

i. Before every application of electricity, one should convince

himself that the current has been turned of.

2. One should always make sure that the apparatus is in work-

ing order, and then begin the application with the weakest obtain-

able current, gradually increasing its strength. No intended sug-

gestive effect can be more surely counteracted than through im-

perfect or failing action of an apparatus, necessitating removal

of the electrodes, a search for the cause of the trouble, adjustment

403
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of screws, polishing of corroded metal surfaces, etc. So, also, will

the application of an unexpectedly strong current engender in the

patient fright and loss of confidence, which can subsequently be

overcome only with great difficulty. The habit of applying the

electrodes to one's own hand before placing them upon the body of

the patient will soon teach us the necessity for caution and avert

many unpleasant accidents, as, also, it will at once tell us whether

current is passing and whether the apparatus is in good order.

A good rule for first applications to children and timid persons is

to place the electrodes in position and wait some time before passing

the current, or even to allow at first the entire procedure to con-

sist merely of an application of the moistened electrodes without

current.

3. When the application is to be discontinued, the current should

be gradually decreased to zero. All fluctuations of current are to

be avoided unless they are deliberately employed for a certain specific

object.

4. The operator should always hold one electrode himself—the

one attached to the interrupting handle, if such a handle be used

—and during the entire application keep the other hand on or near

the current controller.

5. All unnecessary pain is to be avoided. Thoroughly moistened

electrodes firmly pressed upon the skin will cause far less pain

than electrodes lightly applied or partially dry. It is a good plan

to cover the metallic or carbon electrodes each time with fresh

absorbent cotton, which is then to be moistened with warm water

or saline solution.

6. No person should be given an apparatus with the instruction

to treat himself, but the application of the faradic current may,

under certain circumstances, be left to a trained and trustworthy

attendant.

7. We should never forget that it is not the "electricity' ' as such

that cures, but that it is the entire procedure of electrization, with

all the physical and psychic effects thereby produced.

Choice of Current.—The form of current to be used will depend

upon the action desired, and it is by no means easy to formulate

definite rules for the selection of that form best suited to the treat-

ment of the various pathologic processes in which the use of elec-

tricity may be indicated. The choice will be governed more or
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less by certain principles deduced from pathologic studies and from

practical experience. The faradic current, possessing little or

no cataphoric or electrolytic action, can be used only for its mechan-

ical property as a stimulant to muscular contractions or as a coun-

terirritant. Therefore, in a general way, whenever stimulation of

motor or sensory nerves is required, the faradic current will be

found desirable.

On the other hand, whenever cataphoric, electrolytic, and elec-

trotonic effects are required, with or without marked sensory and

muscular stimulation, the galvanic current will be the one selected.

The indications for the use of the other forms of current will be

mentioned under the proper headings.

Direction of Current and Choice of Pole.—Physiologic ex-

periments, as well as practical experience, have, as we have seen,

shown that in the living human body the direction of a current

cannot be predetermined and that the various results obtained are

best explained by the polar influence of the current—that is,

katelectrotonus and anelectrotonus. The manner of making use

of the polar method for therapeutics is the same as that already

described in the chapter on electrophysiology (pp. 305 el seq).

If we use the kathode as the active electrode, we assume that

we produce at the locality under and surrounding this electrode a

condition of increased excitation or stimulation; while, on the other

hand, if the anode is made to constitute the active electrode, the

production of a sedative or quieting influence is assumed. The
kathode then should theoretically be chosen when there exists a

diminution of excitability of muscles and nerves; the anode, in

conditions of increased irritability of muscle and nerve or of central

nervous system. These rules of choice of pole can, however, serve

as guides, only with due limitations; for, as we have seen, the in-

fluence of the nonactive pole can never be entirely eliminated, on

account of the creation of two virtual electrodes of opposite polarity

no matter which pole is applied to the nerve.

Furthermore, all knowledge is lacking of the molecular changes

produced in the nerve by the pathologic process itself, and we
therefore cannot assert whether the one or the other electrotonic

state is the one indicated.

This indefinite state of our theoretic knowledge necessitates the

employment of empirical rules in the selection of the proper pole
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for therapeutic action; yet no harm can be done by adhering to the

rule just given, whenever it is not opposed to the teachings of

experience.

Certain other questions demand attention before we can proceed

with a description of the method of application of the various

currents.

Let us first consider how often electricity should be applied, and

how long each application should last.

Frequency.

—

The frequency of application will, of course, de-

pend upon the character of the disease to be treated. Chronic

cases will require treatment once, twice, or three times a week,

while acute cases may receive daily applications with benefit. Ex-

ceptional cases that may require to be treated more than once daily

will be mentioned later. Herein frequent transgressions are com-

mitted, and the physician should ever be guided by the maxim "nil

nocere" in his determination of the frequency of applications to be

made in a given case.

Duration of Treatment.—The length of time over which the

treatment is to be extended will also depend upon the features of

the individual case, but the use of electricity for many months, or

perhaps years, can have no further use than one of "ut aliquid fiat."

Duration of Applications.—The duration of each single appli-

cation will be stated in connection with the treatment of special

diseases. Here it may be said that all applications should be made
by the clock, and the time predetermined. Local applications to

single parts should last for from two to five minutes; general ap-

plications, in which the entire body or a greater part of it is to be

treated, may usefully be continued for from ten to fifteen minutes.

Place.

—

The place of application of the electrodes will be gov-

erned by our desire to act directly or indirectly. If the former,

the electrodes will be applied as near as possible to the seat of dis-

ease; if the latter, they will be placed upon peripheral, perhaps

distant, parts.

Whenever polar effects are desired, we must act directly in
u
loco

morbi," and whenever possible, such direct application is to be

chosen. When, for one reason or another, this is not feasible, the

indirect method of treatment is to be employed. In this method

it is not sufficient to place the electrodes upon the skin overlying

the deeper structures that we desire to influence, but in order to ob-
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tain the fullest benefit of such action it is important, in view of the

investigations of Head on the relation of the viscera to definite cu-

taneous areas (see Figs. 254 and 255 and explanatory table), that

the application should be made to that portion of the skin having

a special neural connection with the structure pathologically in-

volved. This may, or may not, be the part directly overlying the

affected organ. According as direct or indirect action is desired,

the electrodes will not only be placed differently, but will differ

also as to form and size.

The size of the electrode will also be determined by the loca-

tion of the structure upon which it is desired to act; for the more

deeply we desire the current to penetrate, the larger must be the

electrode, and the smaller the electrode, the less deeply will the

current penetrate; thus the size may vary from one as small as a

button to one so large that it covers the entire abdomen.

Dosage.—In addition to the place of application, form, and size

of the electrode, we must pay special attention to current dosage.

Herein galvanization possesses great advantages over all other

methods of electrization, for by aid of the absolute galvanometer

and with due regard for the size of the electrode, it is possible ac-

curately to regulate the strength and density of the current.

The current density is, as we have seen, equal to the strength

of the current divided by the diameter of its conductor. The

current strength is expressed by milliamperes, the diameter by the

size of the different electrodes.

In accordance with Stintzing's recommendation, the diameter of

a round electrode should be given, while if a rectangular one is

employed, its two side-lengths should be noted. Thus, for example,

if we wish to say that an active electrode of 1 2 centimeters in length

and 6 centimeters in breadth, with a current strength- of 6 milli-

amperes in the beginning, was employed, and that this strength

was gradually increased up to 10 milliamperes, this may be ex-

pressed by the formula D = 7^. If, hereto, the duration of

the application be added, we have a complete and an accurate

description of our procedure.

Opinion as to the amperage and density to be employed in given

cases or in general, varies as much as does the tendency to give

large or small doses of internal remedies; and we find, upon the
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CVZ.

Pig. 254 —Diagram of Skin Areas Corresponding to Different Spinal Segments.Roman Numerals Refer to Nerves.—(From Tyson, after Starr. Trunk Areas fromrteaa.) *
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Fig. 2S5—Diagram of Skin Areas Corresponding to Different Spinal Segments.

Arabic Numerals Refer to Vertebra;, Roman, to Nerves.—{From Tyson, after btarr.

Trunk Areas from Head.)
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Table Giving the Viscera that Are Related to the Various Skin Areas Shown
in Figures 254 and 255
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one hand, physicians who apply the currents as strong and as long

as they can be applied without danger, and, upon the other, those

who might be described as "high dilutionists " of electrotherapy,
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and whose applications consist of infinitesimal currents for a very
0.10 0.5 .

short time. By the latter, to — is the current dosage recom-

mended in the treatment of peripheral paralyses, but the proofs of

the efficacy of such currents are totally insufficient to convince any

but a strongly partisan observer.

As a definite working basis, the approximate statement may be

made that for each fifteen or twenty square centimeters of electrode

surface one milliampere of current should be used, thus giving a

density of 3^5 to }4o- C. W. Miiller makes use of an average cur-

rent density of ^{g, employing with an electrode of 72 square centi-

meters' surface four milliamperes of current. Stintzing considers

the limits of therapeutic dosage to lie within 0.5-50.0 milliamperes,

with an electrode surface of from 3 to 500 square centimeters.

More precise figures cannot be given, and here again it is a question

of strict individualization.

We have seen that no absolute measure exists for the strength

of the faradic current, and therefore its dosage can be expressed

only by the terms strong, medium, and weak; always bearing in

mind that these terms, when applied, refer to a standard apparatus

or to the particular apparatus used, and to no other.

The dosage of static electricity is even a more difficult matter

than that of faradic, for although the voltage of a given current

can approximately be recognized from the length of its spark, there

is no way of estimating its amperage.

The dosage of high frequency currents is also difficult to pre-

determine, and varies much with the method of application. This

is treated in detail under the different subjects in which high fre-

quency currents are discussed.



CHAPTER III

EFFECTS AND METHODS OF APPLICATION OF THE
VARIOUS FORMS OF CURRENT

Local Electrization. Galvanization. Stabile, Labile, and Intermittent

Methods. Actions and Indications. Voltaic Alternations. Subaural

Galvanization. Prolonged Weak Currents. Faradization. Super-

ficial and Deep Actions. Galvano-faradization. Method and Action.

Franklinization. Methods and Indications. Morton Wave Current.

Sinusoidal Currents. General Electrization. General Faradization.

Immediate Effects. Remote Effects. General Galvanization. Cen-

tral Galvanization. Ionic Medication. Cataphoresis. Electrolysis.

Hydro-electric Bath. Monopolar Method. Dipolar Method. General

Galvano-faradization. General Franklinization. Monopolar Method.

General Application of High Frequency Currents. Fulguralion.

While it is perfectly feasible, as already stated, for the physician

who possesses an accurate knowledge of the physics and physio-

logic effects of the electric currents to elaborate personal methods

and variations of methods, all such modifications will naturally be

based upon the procedures generally employed and empirically

shown to possess certain advantages. While it is true that, as

Remak justly says, it can be only of speculative interest ever and

ever again to endeavor to ascertain what quota of the success due

to any method is dependent upon the physical or physiologic action

of the current thus applied, and how much is due to psychic in-

fluence, nevertheless it is of importance in the description of the

various methods to emphasize specially some of the physical effects

that may be expected from them.

At first impression the various methods employed by different

electrotherapists appear to be endlessly numerous, but analysis will

demonstrate that the number of really serviceable methods is

restricted, and that these few serve as the groundwork upon which

all others have been constructed. These fundamental methods may,

above all, be divided into those for local and those for general

electrization.

412
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Local Electrization by Galvanism.

Galvanization, to-day the dominant method of applying elec-

tricity for therapeutic purposes, certainly surpasses all other meth-

ods of electric treatment in precision, exactitude, and applicability.

The galvanic current may be applied to the human body for local

electrization in three different ways, and a special action of the

current is by many assumed to be obtained in accordance with the

manner of its application. These methods are known as stabile,

labile, and intermittent galvanization. x

1. In the stabile method the current is made to flow continu-

ously and steadily. Care must be taken to avoid fluctuations

of the current at its introduction and cessation, as well as during

its continued flow. The well-moistened electrodes having been

applied to the selected places, the current is to be gradually intro-

duced until the pointer of the milliamperemeter indicates the

quantity desired, and so allowed to remain during the time allotted

to the application. Then the current is to be gradually decreased

until the pointer arrives at zero, when the electrodes, which have

been maintained in unchanging position, may be removed.

Should the current controller, upon the battery, for one reason

or another not act satisfactorily to increase or decrease the current

strength in a perfectly equable manner, stabile galvanization may
be carried out without the aid of the controller in the following

manner: Selecting the approximate quantity of current required,

the operator applies one of the electrodes to the part to be treated,

and completes the circuit with the other electrode by applying its

edge lightly to some hairy or thick-skinned part near the spot of

intended application. This electrode is then gradually to be drawn

over the part of high resistance (hair, thick skin) to that of lower

resistance, at the same time allowing more and more of its surface

to come in contact with the skin, until, the desired point of applica-

tion being reached, the electrode rests firmly and flatly upon it.

The removal of the electrode is effected in the reverse order.

According to physiologic teachings, it should be possible, by the

stabile method, to produce electrotonic changes in the superficial

nerves and to cause a state of increased excitability for a certain

period of time under the kathode. Stabile applications of the ka-

thode (according to the polar method) would therefore be indicated
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in all conditions of reduced excitability of the nerves—that is, in

peripheral motor and sensory paralyses.

Therapeutic utilization of anelectrotonus may likewise be made
in an analogous manner, provided the current is, as it should be

in stabile applications, very gradually decreased upon termina-

tion of the application. The stabile anodal action would be indi-

cated in motor and sensory irritations, as spasms, contractures,

pains, etc.

2. In the labile method one electrode is applied to a certain,

usually an indifferent, point, while the other is moved to and fro

over the part of the body to be acted upon. A certain amount of

steady pressure should be used, and the contact between skin and

electrode should never be broken. Herein the various parts are

brought serially under the influence of the greatest current densi-

ties, and thus are successively stimulated. Its action is in the main

stimulating, but the current being at no time actually broken, no

marked muscular contractions are induced. Not only the motor

nerves, but also the cutaneous vascular nerves, are excited, and to

these effects must be added the chemical effects upon deeper lying

parts. In consequence of the attendant and unavoidable current

fluctuations, precise measurement of current strength is impossible

and unnecessary; yet there should be predetermined a definite upper

limit of amperage, with reference as well to the size of the electrodes,

as previously discussed.

3. Intermittent and Interrupting Method.—In the intermittent

method, both electrodes having been applied as in the labile method,

the movable electrode is pushed over the skin to the desired extent,

and then, instead of being moved back on the skin, is lifted up and

carried back to the starting-point, when the same procedure is

again carried out.

This intermittent method may be so modified as to represent an

interrupted application by holding one electrode firmly pressed

against the indifferent portion of the body, while with the other the

skin of the part to be treated is repeatedly touched; or both elec-

trodes are held immovably while the changes are effected in the

metallic part of the circuit by means of an interrupting handle or by

means of the commutator. With the former, making and breaking

of the current is effected with ease, while with the latter, complete

alternation of the current

—

voltaic alternations—may be made slowly
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or more rapidly. Such voltaic alternations constitute a most power-

ful stimulant for degenerated muscles.

The wire brush may also be used as the exciting electrode in this

form of treatment; its effect is one of pure sensory stimulation.

Intermittent, interrupted, or alternating applications should not

be used about the head. Perhaps an exception may be made of

very weak currents, but even then the greatest caution is necessary.

Special Methods of Localized Galvanization.—Among the

special methods of localized galvanization that merit attention are,

first, subaural galvanization, and, secondly, the application of currents

of long duration.

1 . Subaural galvanization.
'

' Galvanization of the sympathetic, '

'

through which R. Remak believed himself able to influence not only

the cervical, but also the thoracic and abdominal sympathetic, and

thus to act therapeutically upon the blood-vessels of the central

nervous system and of the abdominal organs, is, as de Watteville

drastically says, a designation due to "erroneous physics, imaginary

physiology, and fantastic pathology. " We have already seen that

pure stimulation of the sympathetic is contrary to all physiologic

possibility, and that the effects obtained when the galvanic current

is applied to the neck are due to stimulation of entirely different

structures. The term subaural galvanization, proposed by de

Watteville, has been universally substituted for the older and mis-

leading one. This method consists in the application of the kathode

under the ear, and of the anode—a large electrode—upon the oppo-

site side, directly adjoining and partially covering the fifth, sixth,

and seventh cervical vertebrae, or directly over the last cervical and

upper dorsal vertebras. The subaural electrode should be round,

and about 3 centimeters in diameter. It is to be pressed under the

angle of the lower jaw, backward and upward toward the spinal

column. It may also be made to constitute the anode. Stabile

application is the only permissible one. Accidental fluctuations

should carefully be guarded against, and interruptions of the current

we consider dangerous.

This method has been, and is, recommended in nearly every

general disease of the brain and nervous system and in many other

affections. In our experience its utility is very limited, but it is

of value in the alleviation of certain neurotic symptoms.
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2. Galvanization by means of weak currents of long duration.

In certain neuroses a weak galvanic current may with benefit be

applied for hours. If such application be deemed desirable, it is best

effected by placing and fastening two well-moistened padded plates

over the part of the body to be acted upon, and connecting them

directly with from two to six Leclanche, or dry, cells. The ap-

plication of such currents by means of electric belts is a method that,

considering how the majority of belts are constructed, can, as a

rule, have merely a suggestive value. Such belts or Pulvermacher

chains are formed of wires of copper and zinc separated from each

Fig. 2 56.—Cells of an Electric Belt

other by threads of cotton or silk. If plunged into acidulated or

salt water, a current is at once set up. The moisture of the body

caused by perspiration is amply sufficient to set up an appreciable

but weak current.

One of the best "electric belts," but of slightly different kind,

is the Mcintosh, shown in figures 256 and 257. It is in reality a

flexible galvanic battery that adjusts itself easily to the contours

of the body; a few drops of dilute vinegar placed in each cell will

generate the current, which will continue for twenty-four hours and

is of sufficient strength to decompose water.

The varying resistance of the skin is the obstacle rendering the

use of all such belts uncertain; either no current passes, or, if metallic

extremities are employed, as is customary, eschars may be formed

beneath them.
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Local Electrization by Faradism.

Faradization, when employed locally, is attended with much less

trouble and requires less attention to detail than is the case with

galvanization. The necessary apparatus has been described, and all

that is requisite here is to refer to the fact that coils develop dif-

ferent physiologic effects according as they are wound with thick

or thin wire. When made of long thin wire, their action is more

concentrated upon the skin, while if made of short thick wire, the

action upon nerves and muscles is more pronounced. This leads to

the statement that local faradization may be divided into that of

the skin and that of the deeper lying tissues.

The faradic current is of special service for stimulation of the

cutaneous nerves. When such an effect is desired, the skin must

be thoroughly dried, a large moistened sponge electrode be used

Fig. 257.—Electric Belt.

to lead the current to the body, and a dry electrode be employed

for local action. The latter should be a wire brush, and large sur-

faces of the skin may therewith be acted upon by brushing or touch-

ing at different places. For specially localized action a single wire

may be isolated from the rest of the brush and applied to the skin;

this will be found to be a painful, but thorough, irrit ,nt.

The current for cutaneous stimulation should be as strong as

possible, but never so strong as to produce contractions of the under-

lying muscles. This form of application may be modified materially

by passing the current through one's own body. Leaving the large

indifferent electrode upon the patient, the operator takes a moist

exciting electrode in his own hand, and with the other hand

gently strokes the patient's skin.

Stimulating, reflex, and derivative actions are the ones hereby un-

27
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folded, and the indications for the employment of this method may
be deduced from this statement.

Also, for the purpose of stimulation of Ike muscles and motor nerves,

the faradic current is of the greatest value. The method of appli-

cation should be the same as that already described in the chapter

on Electrodiagnosis : the large, flat, well-moistened, inactive elec-

trode being placed over the sternum or some other indifferent point,

and the smaller, moist, exciting electrode placed upon the motor

point of the muscle or upon the nerve that supplies the muscle or

muscles to be acted upon. In special cases both electrodes may be

placed directly upon the parts to be treated. They should then

be medium sized and of equal diameter.

The application may be stabile, labile, intermittent, or interrupted.

Faradization of the muscles acts through various channels. Its

psychic action is, of course, great, but its purely mechanical effects

and the localized energetic massage that it accomplishes are not to

be underestimated.

Galvano-faradization.—Under this name de Watteville has intro-

duced into electrotherapeutics the method of treatment that consists

in uniting the secondary induction coil and the current from the

galvanic source into one circuit by connecting with a wire the nega-

tive pole of the one and the positive pole of the other, attaching the

electrodes to the two extreme poles and sending both currents

together through the body.

By such simultaneous use of the currents we obtain a material

increase of action due to faradization of parts that are in a state of

increased excitability in consequence of the passage through them

of the galvanic current. This increased action, moreover, is unac-

companied by the fatigue and exhaustion so easily caused by the

tetanizing action of the faradic current. Whether the exhaustion

is prevented, as Heidenhain supposes, by a refreshing action of the

galvanic current upon the muscles can hardly be answered.

Hand in hand with increased action of the muscles through galvano-

faradization also goes increased stimulation of the sensory nerves.

Each current may be separately regulated, and the action of either

be made to preponderate. In the application of this combined cur-

rent the milliamperemeter should always be used to measure the

strength of the galvanic current. A brief experience with this form

of current will convince any one of its forcible action and penetra-
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tive qualities; for this reason its use is indicated whenever it is

desirable to act upon the deeper lying muscles or organs. Thus its

action upon the stomach and intestines is a markedly demonstrable

one. It will also be indicated in all cases of partial reaction of degen-

eration and in atrophies due to inactivity.

Franklinization.

The various methods of applying static electricity have already

been described fully (Part II, p. 123, and following).

These methods also may therapeutically be classified as those for

localized electrization and those for general electrization. The former

are, like those of the other forms of current, subdivided into stabile

and labile applications.

Of the local applications, it may be said that to the so-called

static induced current should be awarded the first place. By means

of the static induced current, better termed the franklinic interrupted

current, as described and used by W. J. Morton since 1880, the

localization of static electricity becomes perfectly practicable, and

the disadvantages of the spark as applied by means of the ball

electrode are overcome. As already stated, the fundamental prin-

ciple of Morton's form of application is that of interrupting the circuit

at a point remote from the patient, while still including him in the

circuit.

This form of current may be applied directly to the skin by means

of moistened sponge electrodes, and thus applied to a motor point,

marked persistent muscular contraction with a minimum of pain

may be produced; while applied to the trunk of a motor nerve, large

groups of muscles are thrown into painless contraction. It can thus

be used whenever general or local massage is indicated, and serves

this purpose far better than the faradic roller electrode. It is appli-

cable to every form of paralysis, as well as to all forms of muscular

rheumatism. Its analgesic effect is utilized by Morton in the treat-

ment of various neuralgias and other painful affections, but herein

we have been unable to verify his results. Local application of the

breeze will be used when a localized sedative action is desired. Applied

to the head, the breeze will be found of value in functional neuroses

with symptoms of sensory excitation. Whenever, on the other hand,

stimulation of sensory and motor nerves or muscles is desired, the

spark is to be employed.



420 APPLICATION OF THE VARIOUS FORMS OF CURRENT

There can be no doubt that the therapeutic use of static elec-

tricity has advantages over galvanization or faradization which can-

not be lightly appreciated. These advantages will be found most
marked in the symptomatic treatment of hysteria and neurasthenia,

and we should not wish to be obliged to treat many such cases

without having a proper static machine at our disposal. In the

treatment of other diseases we have never been able to convince

ourselves that franklinization can do more than other methods. It

has, however, one decided advantage, and that is that, with the

exception of the interrupted current, it can be applied both generally

and locally, without necessitating undressing of the patient.

.

The Morton Wave Currents.

Various attempts have been made to modify the ordinary form

o£ continuous franklinization which is produced by insulating a sub-

ject on the static platform. Dr. Morton succeeded in bringing about

a modification by alternatingly charging and discharging the current

through the body of such an insulated subject. The varying poten-

tial thus produced has been named the Morton wave current*

,.1Cl)e method of procedure is simple. After the patient has been

insulated and the current allowed to flow, a grounded ball electrode

is approximated to the ball of the static machine. Each time that

a spark jumps between the two balls an electrical discharge takes

place. In the interval between the discharge the patient is receiv-

ing an electrical charge. The interval between the charge and dis-

charge may be regulated by withdrawing or approximating the two

balls between which the sparks are passing.

The actual presence of a wave current may be demonstrated if

the head piece is placed over the head of a patient in the circuit of

an apparatus as just described. It will then be noticed that the

patient's hair will rise and fall synchronously with the charging and

discharging of the body.

The claim for this form of current is that it produces greater

effects than simple static electrification and is therefore preferable.

It is undoubtedly true that the psychic effect of this current is

greater than any other form of static current, because the subject

is able to feel the alternate charging and discharging of the current.

But the noise of the jumping spark itself often defeats the object
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of the treatment. In sensitive and irritable persons this added noise

which is unmufBed, acts as an irritant and for this reason also the

Morton wave current has not enjoyed great popularity.

Sinusoidal Currents.

We have seen that, in consequence of its uniform increase and

decrease of electromotive force, the sinusoidal current excites both

motor nerve and muscle, with material diminution of the sensory

effects from those produced by other forms of electric excitation.

Hence by means of this current the same amount of muscular

stimulation may be obtained as by any other means of the same

power, but unaccompanied by the pain that the other forms of

stimulation arouse. For all therapeutic stimulation of muscular tissue,

when little or no sensory stimulation is desired, the sinusoidal cur-

rent should be chosen; and then it should be the current par excellence

for improvement of muscular nutrition when this is impaired by a

failure of proper stimulation.

It will, therefore, be found useful for the production of muscular

contractions in all forms of nerve degeneration in which faradism is

incapable of producing contractions, in many nutritional disorders,

and in hyperesthesias of a functional nature.

General Electrization.

The therapeutic application of the electric current to the organism

as a whole, rather than to any special part, was first introduced by
Beard and Rockwell under the name of general faradization. As
now practised, the method may be divided into (a) general galvani-

zation, (b) central galvanization, (c) general faradization, and (d) gen-

eral franklinization, and the general application of other highfrequency

currents. The sinusoidal current can have but little value for the

purpose of general electrization, on account of its lack of sensory

effects.

General Faradization.—Let us begin with general faradization as

the basis from which the other methods were developed. This con-

sists in the application of a large flat sponge electrode, connected with

the kathode of the secondary coil, to the soles of the feet or to the

sacrum or sternum, while the other electrode, attached to the anode,

is applied successively to the entire surface of the body. This elec-

trode is usually a moist sponge, but may also be the hand of the

operator, the other hand being used to form connection with the
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coil. While passing over sensitive portions of the skin it is best to

make use of the hand, and the current should be regulated in strength

according to the sensitiveness of the part of the body to which it

is being applied. Upon all parts except the face the strength should

be sufficiently great to cause marked muscular contraction. The
entire procedure will take from one-quarter to three-quarters of an

hour, and may be adapted to the requirements of each individual

case, now one organ, now the other, receiving prolonged attention.

The effects of this mode of treatment are supposed to be imme-

diate and secondary, the former being directly stimulating and taking

place at the time of treatment, the latter occurring within a day or

two after treatment and being reactive, as well as permanently tonic,

in nature. The immediate effects produced are sensations of height-

ened well being and refreshment, accompanied with increased car-

diac action and a slight rise in temperature, appreciable by the ther-

mometer, and, in some cases, with drowsiness. In some persons these

immediate effects are wanting. The secondary effects, which in

more than one-half of the cases do not take place, consist in muscular

pain, a certain nervousness, fatigue, and exhaustion, usually dis-

appearing in a few days. They can be avoided by the use of brief

and mild applications. The permanent tonic effects set in at dif-

ferent times according to the nature of the disease, the constitution

of the patient, and the frequency with which the treatment has

been carried out. They may consist in an improvement of sleep,

increased appetite, improved digestion, regulation of bowel action,

relief of nervousness and mental depression, relief of pain and fatigue,

increase in size and hardness of the muscles, as well as an increase

of the body-weight.

General Galvanization.—The galvanic application is carried

out in precisely the same manner, the kathode being placed upon the

soles of the feet, the anode passed over the surface of the body. The

effects are said to be similar to those of general faradization. We
have employed it but infrequently, and give preference to some other

method of general electrization. Certain it is that on account

of the more penetrating qualities of the galvanic current and the

current fluctuations with which the method is attended it is not free

from danger. If this method be employed, care should be exercised

to use none but weak currents on the head and neck and in the region

of the heart.
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Central Galvanization (so called by Beard) is supposed to act

upon the entire central nervous system. It differs from general

galvanization only in so far that the kathode, instead of being placed

upon the soles of the feet, is placed upon the epigastrium, and the

labile application of the anode is confined to the forehead, head,

neck, and spinal column.

Ionic Medication.

The use of the electric current for causing chemical substances to

enter the tissues has already been referred to as iontophoresis.

Recently a great deal of attention has been paid to this form of medi-

cation, and it is even claimed that all effects of the electric current,

with the exception of its thermal action, are due to iontophoresis.

Regardless of all other considerations, the fact remains that we
have an excellent method for the administration of drugs into the

tissues by means of ionic transportation. Its advantage lies in

the fact that the drug is introduced directly into the tissue cells,

and that the introduction is not accompanied by any untoward

disturbances of the skin.

The method of procedure is not difficult. An ordinary galvanic

current is used, and the electrodes are attached in the usual manner.

The active electrode consists of a pad covered with some readily ab-

sorbent material which is well moistened with a solution of the drug

to be used and which is known as the electrolyte. The indifferent

electrode may be of the same metal as the radicle of the salt, if

such be used, or of some nonpolarizable substance, such as carbon,

if an alkaloid or basic salt be employed.

The point of greatest importance is to know whether the elec-

trolyte is a kathion or an anion, for no ionic penetration of the drug

molecules will be effected if the wrong pole is used. Alkalies, alka-

loids, and the salts of metals and bases, are electropositive and

therefore are introduced by connecting the active electrode with the

positive pole. Acids are electronegative and are introduced at the

negative pole. If, for example, it is desirable to cause a penetration

of zinc ions, an electrolyte of a zinc salt is used to saturate the active

electrode, which" is then connected with the positive pole . The in-

different electrode under these circumstances would be a zinc plate.

If, however, we desired the penetration of a salicylic acid ion, the

poles would be reversed; the active electrode would be saturated
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with the salicylic acid electrolyte, and the positive indifferent elec-

trode would be one made of carbon. In all forms of ionic medica-

tion, close attention must be given to the active electrode to see

to it that it is always well moistened with the electrolyte.

The main use of ionic medication is for the introduction of drugs

for their solvent, antiseptic, or anesthetic effects. The indications

for therapeutic use are therefore manifest. The salicylic and iodine

ions are used as solvents; the zinc ions are used as antiseptics; and

cocaine, eucaine, etc., are used as local anesthetics.

Cataphoresis.

The fact that fluids could be transported through animal tissues

by means of the galvanic current was recognized a century ago. In

1816 Poyret declared that he had satisfying proof that a fluid could

be made to pass through a membrane in the direction of the current

flow from the positive to the negative pole. Thus for many years

it was experimentally attempted to introduce medicaments through

the unbroken skin, and as early as 1858 Theodore Clemens demon-

strated his ability to introduce iodine into the tissues.

This electric transportation of fluids through membranes was

termed cataphoresis, and actually is an osmosis promoted by the

electric current. Cataphoresis is differentiated from iontophoresis,

inasmuch as the former causes a transportation " en masse " while in

the latter there is simply an ionic or molecular transportation.

It is impossible practically to dissociate cataphoresis from ion-

tophoresis, and we are unable to determine what part each plays in

either process. Many of the results previously reported as being ac-

complished by cataphoresis are identical with those now described

as being produced by iontophoresis, and much of the old " cata-

phoric medication" is the same as the present "ionic medication."

This similarity in action has caused much confusion, so that we

now accept cataphoresis to mean only electric osmosis.

Electrolysis.

The principles of the electrolytic action of the galvanic current

have already been mentioned, and we have learned that electrolysis

of animal tissues always takes place when clean, needle shaped elec-

trodes are plunged into the tissues. The chemical processes that

take place under these conditions cause an accumulation of acid

ions at the kathode. The portions of the body traversed by the
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current are thus destroyed, and become separated from the unaffected

tissue by a line of demarcation. In other words, an eschar is formed.

The extent and consistency of the eschar will be greater or less

according to the polar action by which it has been produced. The
electrolytic action that is brought about at the positive pole is called

anodal electrolysis, while kathodal electrolysis refers to the action

produced by means of the negative pole.

Fig. 258.—Electrodes for Electrolysis.'

By this action of the current, inflammatory processes may be

promoted or restricted, hemorrhage increased, decreased, or arrested,

blood and other fluids coagulated, hard formations liquefied, etc.

To these purely chemical effects are always added the iontophoretic,

vasomotor, and trophic ones, and hence the electrolytic method

possesses many fields of activity.

The apparatus necessary for electrolysis is the same as that util-

ized for galvanization, except that special electrodes must be em-
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ployed. These consist of needles made of gold, platinum, steel, or

zinc, and may be polished, or insulated by means of a thin coat of

shellac. The accompanying illustration shows several such electrodes.

The different methods of making use of the chemical action of the

current are based upon the following experiments: If two platinum

needles forming the end poles of a galvanic battery composed of many
cells, be plunged into fresh egg albumen and the current be closed,

bubbles of gas will be evolved at both poles; but at the anode a

coagulation will take place, while the albumen in the vicinity of the

kathode will become liquefied. In consequence of these changes

the kathodal needle can be removed easily and freely, while the

coagulum adheres to the anodal needle. The same experimen tupon

muscular tissue instead of albumen will give similar results—coagu-

lation and liquefaction. These drying and coagulating effects follow-

ing the application of the anode, and the softening, liquefying

influence of the kathode, are among the best known facts in

experimental science.

The methods of employment of the electrolytic action of the

current will vary in accordance with the object desired. We may
limit the action to a single pole, by making use of a large sponge plate

electrode, placed upon the skin near the point upon which we desire

to act, and a needle electrode plunged into the tissue; the needle then

becomes the active electrode; or both poles may be supplied with such

needles and thus the action of both poles be utilized. In the former,

or monopolar method, the kathode will be chosen as the active pole

when liquefaction and resorption of consistent formations are to be

effected ; while if coagulation of the blood or other fluid is aimed at,

the anode will be made the active pole. The dipolar method is em-

ployed when it is a question of disturbing the nutrition of a part

and thereby causing complete destruction, as in tumors.

The current strength to be employed will vary according to

the purpose for which the current is used and according to the dura-

tion of the application. In general, it may be said that the stronger

the current employed, the shorter should be the time of application.

A weak current allowed to act on tissues for a long time will have

an effect equal to that of a greater current during a less time.

The electrodes employed in simple anodal electrolysis should

be made of a metal that is not corroded by the ions liberated at

the positive pole during the passage of the current; gold and
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platinum are best adapted for the purpose. But it is possible to

utilize therapeutically the action of certain secondary products

that can be generated at the anode by the decomposition of the

needle. If this be the object desired, the anodal electrode may
be made to consist, for example, of pure zinc or of pure copper; in

which case we shall have not only the anodal electrolytic action of

the current, but also the ionic transportation of the oxides and

chlorides of these metals into the surrounding tissues. When,

however, this purpose is not in view, noncorrodable metal should

always be used for anodal electrolysis, because the deposit of the

metallic salt from the corrodable metal anode would leave an in-

delible pigmentation at the point of operation.

So, too, when kathodal electrolysis is used for the removal of

superfluous hairs, warts, moles, and other nonvascular growths,

or for the softening or relaxation of cicatricial tissue resulting from

traumatism, scalds, burns, etc., care must be taken to use the currents

of such strengths only as will not cause destruction of the surface.

In kathodal electrolysis it is not necessary to make use of a non-

corrodable electrode, as there is no possibility of staining the tissues

with metallic salts at the negative pole.

No matter for what purpose electrolysis be employed, one must

remember the opposite effect upon the tissues caused by the differ-

ent poles when either is employed as the active electrode. This

is the most important factor governing the successful use of this

method, and the polarity must always be chosen with due reference

to the special requirements of treatment.

Hydro-electric Baths.—An excellent method of making use of

general faradization, galvanization, or galvano-faradization, is the

hydro-electric bath. These baths, especially when timid, weak, or

nervously excitable individuals are the patients, present great ad-

vantages over the other methods, for here instead of a successive

action upon the various parts of the body, we obtain a simultaneous

and equable action upon the entire surface, without, however, the

stimulating muscular action. The apparatus has already been de-

scribed (p. 217), and we have seen that the entire bath maybe
looked upon as a large enveloping electrode.

Our knowledge of the effects of these baths is by no means

completed. According to the investigations of Eulenburg, Lehr,

and others, the action of the monopolar bath is a markedly sedative
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one, as evidenced by reduced pulse and respiration frequency and

decrease of body temperature. Lehr has called attention to the

circumstance that metabolism (excretion of uric acid) is markedly

augmented by means of the dipolar bath. Stimulation of the

sensory cutaneous nerves is, of course, produced, provided sufficient

current be employed. The direct result of the faradic bath is said

to be an increase of physical and psychic powers; appetite, digestion,

and general nutrition are improved. The effect of the galvanic

bath is said to be more particularly the production of fatigue and

drowsiness, with consequent improvement in sleep. All in all, the

indications for the use of a hydro-electric bath must be very much
the same as the indications for the employment of any skin-irritating

bath (saline baths or carbonic acid baths) plus a direct sedative or

refreshing action upon the central nervous system. The choice of

the bath will, therefore, depend upon the action desired, a combined

effect being obtainable by means of a galvano -faradic bath.

The use of these baths involves certain attention to details that

are not unimportant.

i. The current should not be turned on until after the patient

is in the bath, and is then to be regulated by means of a controller,

the same as in every other application.

2. The temperature of the water should be regulated in accordance

with hydrotherapic principles, and it should not be forgotten that

warm water is a better conductor of electricity than is cold water.

The addition of salt to the bath is always unnecessary, and in the

dipolar bath objectionable; for the conductivity of the water is

thereby materially increased, and the current will be, to a great

extent, conducted past the body. The strength of the current to be

used will, in the case of the faradic bath, be determined purely

subjectively by the sensations of the patient, while in the galvanic

bath, on account of the slight current density, a very high current

strength—up to 150 milliamperes—may be employed. The dura-

tion of the bath should not exceed one-half an hour. The tempera-

ture should be from 32 to 35°C. (say 8o° to 95°F.).

The applicability of the hydro-electric bath in special thera-

peutics will be spoken of in the section devoted to that branch of

our subject.
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General Franklinization.

The electrostatic bath has been fully described under the heading

of static insulation, and here requires mere mention as a further

method of general electrization. It should, however, be mentioned

that there does, in many persons, seem to be a difference in their

sensations as they are positively or negatively charged. It is not in-

frequent to hear nervous patients complain of an increase of their

ailments—nervousness, pain, etc.—during a thunder-storm, the at-

mosphere being then negatively charged; so a negative insulation will

in many persons produce a variety of disagreeable sensations—head-

ache, palpitation, and oppression—while the positive insulation acts

as a sedative. We have never been able to confirm these observa-

tions upon healthy persons, but many neurasthenics are so sensitive

in this regard that they can almost be used as static pole testers.

The monopolar positive static insulation will, therefore, be em-

ployed as a mild sedative in general neuroses.

High frequency currents are mainly serviceable for their general

therapeutic use, and many of the results obtained present great

similarity to those produced by the static machine. In fact, at the

present time there is a great tendency to relegate the static apparatus

to things of the past. It is undoubtedly true that many of the draw-

backs in the use of the franklinic currents have been done away with

by the present perfection of the high frequency machines, and we
are no longer subjected to such annoyances as the machine not work-

ing. Nor are we, as formerly, dependent upon weather conditions,

and the high frequency apparatus occupies such little space as com-

pared to the static machine, that it is not surprising that many
practitioners prefer the smaller and more reliable apparatus.

The various methods of application of the high frequency cur-

rents have already been described. The currents of high frequency

exert a powerful action on every living organized body that is sub-

mitted to their influence. In the majority of cases they exercise a

powerful reparative action in diseases caused by, or attended with,

feeble nutrition. In patients submitted to daily influence of these

currents for about ten minutes a day the effects noted are: return

of sleep, increase in force and vital energy, return of capacity to

work, increase of appetite, progressive and complete restoration of

the general health.

In pathological conditions we rely upon the thermic action of the
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currents, upon their effects on the cardiovascular system, and upon

their local effects. These have already been fully discussed.

The high frequency currents, although in use for the past ten

or fifteen years, are comparatively new to the general public. For

this reason the suggestive action is a most potent factor in its use.

The fact that a current of sufficient intensity to light an incan-

descent lamp is traversing the body, without any sensations of dis-

comfort, is generally sufficient to impress the most indifferent and

nonsuggestible patient. And it is for this reason also that we must

not be too quick to jump at a conclusion as to the efficacy of certain

forms of treatment by means of the high frequency currents.

Fulguration.

It has previously been shown that the fine spark of the high

frequency current may cause a superficial necrosis of the tissue. It

Fig. 259.—Electrode for Fulguration.

was found that when the spark was localized by means of a thin

glass electrode, the skin at the point of attack would first blanch and

then gradually form an eschar, which in time came away, leaving

a dry clean surface beneath it. This effect of the high frequency

current has been called fulguration and is utilized in various surgical

procedures, such as for the removal of new growths, warts, fibromata,

papillomata, etc.

The method of procedure is the same as that described in the

use of the high frequency spark, except that special electrodes are

used. The accompanying illustration, figure 259, shows such an elec-

trode. It consists of an ebonite handle, a spring current interrupter,

and a terminal into which various shaped metal ends may be fastened.

The electrode is connected with the terminal end of the Oudin re-

sonator. After the apparatus is adjusted to furnish a current of

medium intensity, the point of the electrode is brought within one
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millimeter of the part to be fulgurated. Then the current is made
through closing the circuit with the spring interrupter. A fine spark

will be seen to jump between the tissue and the electrode point.

The current should be allowed to flow only momentarily, and several

successive applications may be made until the blanching of the

surface shows that the desired result is obtained. If the spark is

applied only momentarily then little or no pain is experienced, but

if the current is maintained for any appreciable time the sensation

produced is akin to that of inserting a red hot needle.

Fulguration is purely an electro-surgical procedure and is now
being much elaborated, as may be seen by referring to the section

on Cancer of the Breast, page 576.
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CHAPTER I

ELECTRIC TREATMENT IN DISEASES OF THE MOTOR
NERVES

Therapeutic Possibilities. Illustrative Cases. Spasm and Paralysis.

Treatment of Paralyses in General. Special Neroe Palsies. Paralysis

of the Diaphragm. Peripheral Paralyses. Radial and Musculospiral

Paralysis. Radicular Paralysis. Peroneal and Tibial Paralysis.

Peripheral Neuritis. Multiple Neuritis. Postdiphtheritic 'Palsies.

Facial Paralysis. Ocular Paralyses. Treatment of Spasms.

Special Forms of Spasms.

Having studied the general methods of application and action of

electric currents for therapeutic purposes, our concluding task would

be the description of all precise methods that are to be employed,

and the discussion of each and every disease or morbid process that

is susceptible of being beneficially influenced by electricity. This

is manifestly impossible, for there is scarcely a disease for which

such a claim has not been made, nor is it easy to find a writer upon

electrotherapy who has not evolved some special method of treat-

ment that, in his opinion, is for some certain disease the only one

to be employed. The consideration of single observations and the

methods of single electrotherapists being impracticable, we must
limit our task to a description of the methods of treatment that are

in general use in the various groups of disease—as, for instance,

in diseases of the motor nerves, diseases of the sensory nerves, etc.

—and mention special methods only when some special affection

requires treatment different from that of the group to which it

belongs.

Diseases of the Motor Nerves and Muscles.

Inasmuch as the physiologic response of motor nerves and muscles

to electric stimulus is most marked, we should, a priori, expect

435
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that in disease of those tissues its curative action would be most

manifest. As a matter of fact, it is upon this territory that the

most pron^nced electrotherapeutic results have been claimed; while,

on the other hand, it is here also that those who are skeptical as

to the existence of any physically curative action of electricity

maintain that the recoveries encountered would have taken place

without electric interposition; or that they have been brought about

psychically. While this may be true in some cases, it cannot be

denied that in many others the electric stimulation of muscular

fibers still capable of response acts upon those fibers in a purely

mechanical manner, thus leading to increased nutrition, augmented

growth, and restoration of function of the anatomically intact fiber.

The actual proof that the improvement of peripheral paralysis

may be due directly to the electric treatment can be of a clinical

nature only. If, as Bruns said at the Frankfort meeting in 1891,

we could obtain a number of patients that had not been treated by

means of electricity and in whom peripheral paralyses had persisted

without any signs of improvement for a length of time amply suffi-

cient to have allowed a spontaneous recovery to take place; and,

electric treatment then being instituted, rapid and evident improve-

ment of the paralyses should set in, none could dispute that this

improvement was justly to be claimed as a result of the electric

treatment. As a matter of fact, several cases of this kind have

been published, all, however, being paralyses of the facial nerve.

Alt and Schmidt refer to a case of complete facial paralysis of

three years' duration, which, being demonstrated as an incurable

case, still showed slight traces of excitability from nerve and mus-

cle, and in which, after six weeks' electric treatment, the parah >is

disappeared almost entirely. We also have seen such a case in a

child twelve years old in whom the facial paralysis to voluntary

stimulation had been complete since the patient's sixth year of life,

but direct and indirect galvanic and faradic excitability was not

completely lost; and in this child improvement set in after several

weeks of electric treatment, progressing until an almost complete

recovery ensued. While in this case, ultimately, voluntary action

showed only the merest trace of inactivity, the unconscious move-

ments resulting from psychic action showed a marked defect.

Much more debatable than the direct dependence of improve-

ment upon electric treatment is the question whether regeneration
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of degenerated muscles can be incited through electric stimula-

tion of the motor nerves, accelerating the physiologic reparative

process. The searching experimental statistical investigations of

E. Remak strongly point to such an influence, and show that in

those forms of peripheral musculospiral paralysis due to pressure

that in themselves tend toward a recovery, a curtailment of the time

necessary for this natural recovery to take place may be effected by
means of the direct curative action of the constant current upon

the nerve tissue.

If, however, we leave the modus operandi aside, the empirical fact

remains—a fact supported by Duchenne, Erb, Remak, and Bren-

ner—that the methodic application of electric currents does cure

peripheral paralysis, and that the affections of the peripheral nerves

are those that are most likely to be beneficially influenced by elec-

tric treatment.

Disease of the Motor Nerves.

The two sets of symptoms most in evidence in disease of the

motor nerves, whether spinal or cranial, are those due to irritation

and those due to impeded conduction—that is to say, spasm and

paralysis. Both of these symptoms, due to whatsoever influence—
infection, traumatism, cold, or any cause producing disease of the

nerve itself and not of the central nervous substance—have, ever

since electricity was first employed as a remedial agent, been suc-

cessfully treated by this means. That the successes in the treatment

of paralysis far outlast those attained in the treatment of spasm

is due to the fact that the so-called peripheral spasms are in the

majority of cases due to central, and not to peripheral, morbid

stimulation.

Treatment of Palsies.

—

The paralyses should be treated with

two objects in view: first, that of removing the anatomic disorder

upon which the paralysis depends; secondly, that of stimulating the

muscle itself in order to keep up its nutrition.

The first indication would be met by attacking the point of

disease—in traumatic paralysis, the seat of the lesion; and, therefore,

the galvanic current is the one to be employed. The galvanic kath-

ode, this electrode having a surface of ioo square centimeters or

more, is to be placed upon an indiff'event site, and the anode, having

a surface of from twenty to thirty square centimeters, is to be applied
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over the seat of lesion, if this be a localized one. A stabile current of

from four to eight milliamperes should be allowed to flow through

the nerve. In more generalized implications of the nerve the appli-

cation should be a labile one. In either instance the time of appli-

cation should be about ten mintues.

The second indication—the production of contractions in the

palsied muscles—may be met by localized stimulation with any

form of current that acts locally. When the electric excitability

of the muscles to the faradic current is retained, this current should

be employed. The method is the same as that made use of in

diagnostic examinations, each muscle being stimulated with a suf-

ficiently strong current, through several closures effected by means

of an interrupting handle. By "a sufficiently strong current" we

mean one that will cause a well-marked contraction.

If more convenient, both electrodes, the instruments being smaller

and of equal size, may be placed upon the muscle to be stimulated,

and, by means of the interrupting handle, to which one of the

electrodes is attached, the stimulation may be effected rhythmically.

If, on the other hand, faradic excitability is lost, the galvanic

current must be used. The kathode is to be placed upon the muscle,

contraction being produced through closure and opening of the

current by means of the interrupting handle. In this method also

the current strength should be sufficient to produce marked contrac-

tions. If we are dealing with paralysis of muscles of the face and

neck, current interruptions must be avoided, and for this reason

the stabile anodal galvanization of the nerve described in the pre-

ceding paragraph should in such cases be followed by labile kathodal

galvanization of the muscles.

In cases of peripheral paralyses accompanied or followed by

marked atrophy, in place of the labile galvanization, labile galvano-

faradization will be found of value. In case of complete loss of

both faradic and galvanic excitability, local electric treatment is

useless, but stabile anodal galvanization of the seat of lesion and

of the nerve-trunk may be employed in combination with non-

electric methods of treatment.

The use of the wire brush for the treatment of any form of

peripheral paralysis should be entirely discarded.
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SPECIAL NERVE PALSIES

Paralyses of certain nerves require special consideration.

Phrenic Nerve.

Lesion or disease of the phrenic nerve may cause paralysis of

the diaphragm, in which case, knowing that direct stimulation of

the phrenic produces marked contraction of the corresponding side

of the diaphragm, we should attempt so to stimulate this nerve.

Its motor point is indicated in figure 243 (p. 357). A strong faradic

current applied, by means of a small, round, wet sponge electrode,

to the side of the neck, above the lower end of the scalenus anticus,

at the outer border of the sternocleidomastoid, will reach the nerve.

Such faradization of the phrenic nerve constitutes a potent means

for ihe production of artificial respiration in paralysis of the dia-

phragm. The current must be a strong one, and should be applied

until a short cough indicates that respiration has again begun, when
the current should at once be discontinued.

Paralyses of Peripheral Nerves.

The question of peripheral paralyses will later be considered in

part under the subject of neuritis, but there are other forms of periph-

eral paralyses which may be due to trauma, compression of a nerve

or cold. This form of paralysis occurs only in connection with a

lesion of the peripheral nerve and the seat of lesion is in the peripheral

motor neuron. A peripheral paralysis is invariably followed by

some change in electrical reaction or excitability. The reaction of

degeneration is not always present but several examinations should

always be made before a conclusion is drawn that no reaction of

degeneration exists.

The examination should be repeated at intervals of twenty-four

to forty-eight hours, so that any change in reaction may be noted.

It is a good rule to make three examinations at intervals of forty-

eight hours, and note whether the condition is progressing or sta-

tionary. If this is done several degrees of changes may be noted

and classified.

1. There may be a simple diminution in galvanic or faradic

excitability, which may be noted in the stimulation of the nerve

and muscles immediately supplied by it. The contraction is quick

and fulgurating. There is no reversal in formulae of the reaction
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with stimulation of the galvanic current. In this case the prognosis

is excellent and complete and recovery should occur in two or three

weeks.

2. There may be a diminution of both galvanic and faradic excit-

ability. It requires a stronger faradic current to give a good con-

traction and the quality of the current elicited by means of the

galvanic current is less sharp and more sluggish. A beginning reac-

tion may be noted although a complete reversal of formulae may not

exist. The normal motor point may begin to move toward the ten-

don. In this case the prognosis is still good but the time required

before complete recovery can be expected may vary from six weeks

to three months.

3. All faradic excitability has now disappeared. There is a

marked reaction of degeneration and consequently a diminution

of reaction to stimulation by the galvanic kathode and hyperexcit-

ability to the galvanic anode. The quality of the contractions that

are elicited is markedly sluggish and vermicular. The motor point

is markedly displaced toward the tendon. Prognosis in these cases

is grave; recovery, however, is not excluded and after persistent

treatment a fair degree of motor power may be reestablished in the

muscles supplied by the injured nerve. It is seldom, however, that

the complete power is restored and in all cases where this condition

exists, it is wise to be more guarded as to promise of the outcome.

The treatment of peripheral paralyses by means of electricity

has two objects in view. The first intention is to reestablish the

continuity of the damaged nerve, and the second is to prevent mus-

cular atrophy, or to reestablish the nutrition of muscles that have

already wasted. Of course all other methods of treatment must be

carried on simultaneously and the cause of the peripheral paralysis

carefully investigated and removed.

The galvanic current is useful in most cases of peripheral paraly-

sis in order to reduce the symptoms of the neuritis which generally

accompany the condition. If great pain accompanies the paralysis,

then the positive pole should be applied over the seat of injury to

the nerve. If, however, there be no pain, or the painful stage be

passed, then the negative electrode is placed along the course of the

nerve. The indifferent electrode may be applied either at the nape

of the neck or in the lumbar region. Large electrodes of not less

than one hundred square centimeters in area are used at both poles.
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Rhythmic currents may be used after all pains have ceased, and, as

has been stated, they are most useful for the prevention of the mus-

cular atrophy.

If treatment is begun before reaction of degeneration has set in,

then a faradic or galvano-faradic current is indicated. If reac-

tion of degeneration appears then the rhythmic galvanic current is

the better. Of course where the reaction of degeneration is com-

plete then the latter-named current is the only one which can be

used because it is the only one which will cause a response to stimu-

lation. It is well in all these conditions to spare the muscles as

much as possible.

The forms of electric treatment just enumerated are the ones

with which one will obtain the best results, but different authorities

have used different forms of current and it will be hard to find any

form of current that has not been used by some writers on this

subject.

Static electricity, Hertzian franklinization and the high fre-

quency currents have all been advocated, but we do not consider

that they have any place in the treatment of peripheral paralyses.

Radial and Musculospiral Paralysis.

Radio-musculospiral paralysis is a condition which is generally

due to local causes and in the majority of cases traumatism is the

etiological factor. This form of paralysis must not be confused

with the paralysis that follows a lead neuritis. It is readily dif-

ferentiated because a lead palsy is bilateral and does not effect the

supinators, whereas radial paralysis is unilateral and the supinators

are always involved. In radial paralysis, those muscles which are

supplied by the radial nerve are involved. Beginning above the

triceps we can follow the paralysis down through the supinators

to the extensor muscles of the fingers.

Themost common causes are exposure, pressure and direct injuries

to the nerve itself. In cases of exposure, and in conditions of mild

compression, such as accompany sleep paralyses, there is no diminu-

tion in faradic excitability and the reaction of degeneration is absent.

In severe injuries and contusions of the nerve, however, the faradic

excitability may be diminished, and an incomplete form of reaction

of degeneration may be present. A complete reaction of degenera-

tion seldom takes place unless the nerve has been completely severed.
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All the muscles below the seat of injury will show a changed reaction

to electric stimulation, while the muscles above the trauma will

remain nomal.

The treatment of this condition is practically the same as one

would employ in any peripheral paralysis. General galvanization

of the involved arm may be applied by means of the bath electrode,

and for this purpose various different shaped vessels have been de-

vised. After the galvanic application, the rhythmic stimulation

with the faradic quantitative current may be used if faradic excita-

bility exists. If, however, the faradic excitability is absent, then

rhythmic galvanic current may be substituted. The application

may be repeated every second day until the arm has recovered its

power. The results are good in all cases where the reaction of de-

generation has not reached completion.

Radicular Paralyses.

Paralyses due to the involvement of the roots of nerves are gen-

erally limited to the roots of the brachial plexus, which is formed

by the four lower cervical and first dorsal roots. The cause is

almost invariably traumatic. The paralysis may be so complete

that no contractions are elicited by stimulation at the various motor

points. The partial types have been divided into the superior and

inferior form. The superior, known as the Duchenne-Erb type,

occurs in those cases where the fifth and sixth cervical nerves have

suffered injury and the muscles which they supply have lost their

function. The inferior form or Klumpke type, is very rare and is

really an abortive type of the total paralysis. It affects the muscles

which are supplied by the ulnar nerve. There may also be other

paralyses which do not fit into either of these classes just named
and are more or less of a mixed type in which various of the nerve

roots have been injured. One or the other injury may be more

pronounced.

No matter how slight the traumatism which causes a radicular

paralysis, there is usually a reaction of degeneration present. This

is also found in the obstetric paralyses of newly born children.

The superior type of Erb is easily recognized if the reaction of

degeneration is confined to the superior group of muscles, that is,

the deltoid, biceps, brachialis anticus, and the supinator longus.

If a single trunk of the plexus is injured, then the paralysis which

follows is no longer radicular but more properly funicular.
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All authorities agree that the only treatment short of surgical

intervention, which holds out any degree of success in a radicular

paralysis is electrotherapy. In conditions where the faradic excita-

bility exists, the slow rhythmic quantitative faradic current may be

used. The large indifferent electrode is placed over the nape of the

neck and a small pad electrode is placed successively over the

various motor points and this application may be repeated daily.

In the severe forms one uses a prehminary galvanization, in the

form of a bath, and follows this with rhythmic faradic or gal-

vano-faradic excitation. Some form of electric treatment should

be begun as soon as possible after the injury and should be repeated

every second day. Improvement is slow but in most cases where

the nerve roots have not been entirely severed good results have

been reported. One must, however, always bear in mind that

surgical intervention should be used where the nerve fibers have

been completely severed.

The principal form of radicular paralysis that interests the

general practitioner is the birth palsy. It is impossible to have the

cooperation of these children and therefore one must rely entirely

upon one's own judgment as to the quantity of current and the dura-

tion of the sessions. No more current should ever be used than is

required to obtain a small contraction. A weak galvanic current

often causes less shock than do strong faradic currents and a great

many sessions may be necessary before improvement is noted.

There should, however, be some improvement noticeable after twenty

or thirty sessions and as long as any progress is apparent the treat-

ment should be continued. The sessions may be repeated every

second day. If the reaction of degeneration is absent, then re-

covery is always possible, no matter how severe the paralysis may
be. If the reaction of degeneration is partial, then we may expect

an ultimate partial recovery, after months of treatment. Those

cases that are accompanied by a complete reaction of degeneration

are practically hopeless. The severity of all these radicular palsies

seems to go hand in hand with the traumatic element which accom-

panies them. In the severe cases it is always well to bear in mind

the possibility of operative interference and nerve anastomosis.

Peroneal and Tibial Nerves.

The electric treatment of peripheral peroneal paralyses is a

very gratifying one. This is best carried out by galvanic stimu-
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lation of the motor point of the nerve at the head of the fibula. Paraly-

sis of the tibial nerve is treated in a similar manner, by stimulation

of its motor point in the bend of the knee.

Peripheral Neuritis.

The pathology of a peripheral neuritis consists of a degeneration

of both the myelin and the nerve substance of peripheral nerves.

In consequence of this we have changes in the skin and muscles which

are supplied by the nerve that is involved. The smaller the nerve

the greater is the degenerative process. The causes of a peripheral

neuritis are numerous but the most common etiological factors are

trauma and toxemia. The symptoms of such a peripheral neuritis

include sensory, motor and trophic changes and the degeneration

may involve a single nerve or a whole group of nerves. The highest

type of a peripheral neuritis is known as a multiple neuritis or a poly-

neuritis. The electrodiagnosis plays a very important part where

the diagnosis is doubtful, and is also important in localizing the lesion

and in determining exactly which nerve or group of nerves is involved.

It is, furthermore, valuable to decide the rational electrical treatment,

and furnishes important information for the prognosis.

The presence of a reaction of degeneration excludes all myopathies

and the spinal lesions, such as tabes, etc. The electrodiagnosis is

likewise of extreme importance in differentiating pathological

conditions where medico-legal questions are involved. Injuries

to nerves are among the most frequent of accidents that happen in

connection with unskilled labor, and it is extremely important in this

condition to determine exactly how much damage has been done

by the accident itself and how much could be due to preexisting

causes. Most of our methods for determining conditions of this

sort are far from precise and enable different observers to come to

different conclusions upon the same facts. But with the condition

of peripheral neuritis the matter is different. The reaction of de-

generation would immediately exclude paralysis of a functional

nature, or muscular weakness due to alcoholism or hysteria or similar

causes. It is, therefore, an important rule in all conditions where

muscular weakness is involved, that a very careful observation of the

reaction of degeneration be made. The increased excitability of the

muscles to the ordinary faradic and galvanic stimulation would

tend toward the exclusion of a neuritis and would lead one to look
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for an involvement of the pyramidal tracts, either in the brain or

in the cord. The presence of the reaction of degeneration, as has

been said, would therefore indicate the purely peripheral involvement

of the motor neuron and our clinical observations would then be called

upon to exclude poliomyelitis or syringomyelia, and to differentiate

between them and a neuritis.

In establishing the electrodiagnosis, great care must be taken to

observe the nature and quality of the reaction. Ordinarily, the more

severe the reaction of degeneration, the longer will it require for the

recovery of the nerve. There are, however, other elements that must

be considered. If the neuritis is due to an inorganic poisoning,

such as lead, arsenic or antimony, then the reaction of degeneration

may be very pronounced, and still the prognosis will be good. But

when a marked reaction of degeneration follows upon a bacterial

toxemia, such as diphtheria, then the prognosis should be very much
more guarded. The reaction of degeneration in young subjects is

of much less prognostic value than in the middle aged or old persons.

While the condition is being treated the electrical examination should

frequently be made, because the lessening of a reaction of degen-

eration is a more conclusive index to the actual improvement than

any other sign.

In the beginning of a peripheral neuritis electrical examination

must be made in order to ascertain when the degeneration has reached

its height, and the process has advanced to its maximum. These

electrical examinations also act as a guide to the treatment, inasmuch

as the muscular excitability and the relative reactions of the faradic

and galvanic current are noted.

If faradic excitability still is manifest, then faradism may be

used. If the faradic excitability has been lost, then the galvanic

or the combined current is advisable. It may also be said that if there

is a marked reaction of degeneration and faradic excitability still

persists, then the combined current is preferable instead of the simple

faradic element.

Treatment of a peripheral neuritis should be begun as soon as

the acute symptoms have disappeared and the causes have been

removed. The conditions then must be treated to a certain extent

symptomatically, for if great pain accompanies the condition this

symptom is predominant and requires treatment with the galvanic

current. The pain, however, is characteristic for most of the progres-
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sive stage and when the neuritis has reached its maximum the main

indication is to prevent the trophic sequels. This may be

accomplished by the rhythmic currents, the sinusoidal, and best of

all by means of the rhythmic interrupted faradic or galvano-faradic

current.

The galvanic current is applied in the usual manner. A large

square kathode is placed over the spine and the hand or the foot is

placed in a basin of water, which has previously been connected with

the positive pole. The intensity of the current is gradually increased

to from 30 to 40 milliamperes, and the current is allowed to flow for

twenty minutes when it is reduced to zero. This form of application

is directed against the pain. Treatment by means of the faradic cur-

rent may be instituted then to combat the muscular atrophy. If

the reaction of degeneration has not yet appeared, then a rhythmic

quantitative current drawn from a coarse wire coil is the best one

to use. This is applied in the usual manner over the affected mus-

cles and care should be taken that none of the muscles are fatigued

during the application.

The undulating faradic current is really the current of choice.

The advantage of this current is that the stimulation of the muscles

is increasing and progressive in character. The contractions which

are thus produced are practically perfect physiological reproductions.

The bipolar method may be used.

The classic method of treatment which has been used for a long

time and for that reason commends itself best to the general prac-

titioner, is the rhythmic galvanization with spaced shocks. This

application may be made in two ways:

1. The large electrode may be placed in an indifferent portion

of the body such as the back, and each muscle may be stimulated

by means of the tampon electrode connected with the negative pole

of the battery.

2. Two tampon electrodes may be used, one of which is placed

at either end of the muscle.

When the reaction of degeneration is present then the undulating

galvanic current may be used. The undulator should be so arranged

that the stage of increasing current should last about two and a

half seconds and likewise two and a half seconds consumed in the

decrease. In this way contractions of the affected muscles are pro-

duced and the muscles are not subjected to the disagreeable shock.
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This is particularly desirable when a considerable atrophy exists.

The number of sessions of such treatment may be varied but three

applications at least should be given weekly. Where the treatment

is given for the pain, daily applications or applications even twice

a day may be given if necessary. If it becomes necessary to pro-

tract the treatment over a long period of time, then a term of rest

should be introduced at regular intervals. For example, if the treat-

ment is persisted in for six weeks, then it is well to institute a period

of two weeks rest before again resuming the treatment. The results

of the treatment are generally good. But the peripheral neuritis

may often be very obstinate to treat and the duration depends

entirely on the nature of the injury and the degree of destruction

of the nerve.

That electrotherapy is an excellent adjuvant for the treatment

of peripheral neuritis is indisputable, but it cannot be claimed that

the entire regeneration is due alone to electric treatment.

Multiple Neuritis.

A multiple neuritis or polyneuritis does not differ essentially

from the form of neuritis already described. The main clinical-

consideration is the diffuse spread of the lesion and the extensive

involvement. In all polyneurites the paralysis tends to affect

particularly the extensors, and in the extensors it is often confined

to the peripheral groups. The inflammation of the nerves is accom-

panied by pain which is greatly aggravated by pressure. The

tendon reflexes are abolished, muscular atrophy soon appears, in-

coordination of the extremity shows itself and all these symptoms

may or may not be accompanied by paresis or paralysis of the mus-

cles involved. Each case of polyneuritis should be carefully studied

by itself and an attempt should be made to determine exactly which

nerves and groups of nerves are most affected. For this purpose

a knowledge of the motor points, the muscles and their nerve supply

is essential.

For the ordinary treatment of a polyneuritis, two of the extremi-

ties may be jointly exposed to the current. This is accomplished

by placing the large indifferent electrode over the proper segment of

the cord and connecting it with the negative pole of the battery.

If the upper extremities are to be treated jointly, then the indifferent

electrode is placed over the cervical region. If the lower extremi-
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ties are to be treated then the indifferent electrode is placed over the

lower dorsal and upper lumbar region. Two other large electrodes

are connected and attached jointly to the positive pole; these may
then be placed on the extremities. If daily applications can be made
the extremities to be treated may be alternated at each session;

but if it is impossible to give more than two applications a week,

then it is advisable to use four electrodes all attached to the positive

pole and applied over all four extremities. In this case one must be

careful to see that the indifferent electrode should be extremely large.

The results obtained from this form of treatment are generally good.

There are, however, different types of polyneuritis which are

classified according to the causes that incite the neuritic process.

The differential diagnosis is important and although the general

lesion may be the same, still clinically the different types present

a different appearance. In an alcoholic multiple neuritis the par-

esthesias are more pronounced and are rapidly followed by paralyses

of the muscles. The lower extremities are generally mostly af-

fected and the weakness shows itself markedly in the. legs and feet.

The reaction of degeneration is slow to appear and is seldom

complete.

The treatment of the alcoholic type follows that which has been

outlined for a polyneuritis. Positive galvanism to the extremities

causes relief of the pain, and the paralysis and the atrophy may be

treated by the rhythmic faradization or combined current. The

sessions may be repeated every second day until recovery has taken

place.

Another form of polyneuritis with which we have often to deal

is that which is caused by a group of poisons such as lead, arsenic

and antimony. This class of cases is usually designated as the sat-

urnine form and the salient symptoms are the motor paralyses. In

some cases no sensory disturbances whatsoever show themselves.

Although the nerve trunks are often sensitive to pressure still the

spontaneous pains which are very characteristic of the alcoholic

type are not so frequently met with in the saturnine type. And the

saturnine type may again be divided in to three classes in accordance

whether it is the upper arm, the forearm or the leg that is chiefly

involved. In all of these cases the reaction of degeneration appears

early and generally becomes complete. This is one of the conditions,

however, where the complete reaction of degeneration is not an index
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to the ultimate outcome of the condition. In spite of the complete-

ness of the reaction of degeneration, a recovery from the saturnine

form of polyneuritis is the rule.
v

Before instituting any form of electric treatment, it is always

necessary to investigate the cause of the polyneuritis, and any assimi-

lation of poison must be stopped, while treatment is instituted for

the elimination of the poison that still lurks within the body.

The electric treatment follows along the lines that have already

been described.

If one of the superior types of polyneuritis is present then the large

electrode is placed at the nape of the neck, while two half cylinders

are attached as low down on the forearm as practical, and connected

with the opposite pole. All the electrodes must be of large surface,

well padded and thoroughly moistened. If the neuritis be of an

inferior type then the indifferent electrode is placed over the loins

and the active electrodes are placed on the soles of the feet, or around

the ankles. The quantity of the current that is allowed to flow will

depend upon the size of the electrodes. It is advisable, therefore,

to follow the rule that four milliamperes be allowed to flow for every

ten square centimeters of area of the kathode electrode. A session

of this sort may last from fifteen to twenty minutes.

These polyneurites are often accompanied by contractures and

other conditions which will prevent the use of the application of the

electrodes to the extremities. In this case the active electrode

may be substituted by a bath in which the proper pole has been

immersed by means of a carbon plate. After an application of the

galvanic current, it is well to use the undulating current to prevent

atrophy and to restore the tone of the muscles. Here again we must
be guided by the excitability of the muscles as to whether the gal-

vanic or the galvano-faradic currents should be used. Where no

reaction is obtained from the use of these currents then of course the

galvanic current alone must be instituted. One should remember

that in the stimulation of all muscles affected by a polyneuritis

the application must be rhythmic, because arrhythmic currents

are apt to shock the muscle. The faradic current may be used with

the metronome thrown into the circuit, or the metronome may even

be used in connection with an undulating galvanic current. The
rhythmic contractions are thus maintained and muscle shock is

avoided.

29
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The operator must rely upon his own ingenuity in order to deter-

mine wherein he derives the best results. Good results invariably

follow the electric treatment of polyneuritis. But these results must

not be attributed alone to the electric treatment. In all forms of

either the alcoholic or the metallic poison type of multiple neuritis

the condition improves spontaneously if the poison is withdrawn.

There is on the other hand no question that the use of the electric

current stimulates the rapid regeneration of the nerve and does pre-

vent muscular atrophy as well as loss in muscular nutrition.

There are other forms of polyneuritis, such as those caused by

mercury, but the history and the clinical observations will differen-

tiate these cases. Both in arsenical and antimony polyneuritis

contractures of the lower extremities are common and a pigmentation

of the skin in different portions of the body may be noted. Mercurial

polyneuritis follows more rapidly upon the taking of the poison than

do the other forms. Notwithstanding the fact that the paralysis

which follows a mercurial neuritis is often more severe than the ar-

senical form, still the prognosis of the mercurial paralysis is infinitely

better than that which follows the taking of arsenic. Of all the forms

of polyneuritis that which follows arsenical poison is the one that is

least likely to form a complete recovery.

The postdiphtheric paralyses are to be treated in the same manner

as other forms of multiple neuritis, only that here, in view of the good

prognosis of so many of these cases no matter how they are treated,

we should not ascribe their improvement solely to the electric

treatment, much less to any special method.

Facial Paralyses.

But few cases of facial paralyses are met with, unless seen in the

very beginning, that have not been subjected to some form of

electric treatment. Such treatment should not be begun until all

inflammatory symptoms have completely subsided ; and then should

be instituted at once. Whatever method is chosen should be

persisted in for a sufficient time. The object of treatment is here

also the double one of influencing the seat of the lesion, and act-

ing upon the symptoms due to such lesion.

The seat of lesion should first be attacked. For this purpose a

mild stabile galvanic application will be found best, one pole being

placed over the nerve-trunk, the other in the auriculomastoid fossa
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1

or upon the mastoid process of tjie temporal bone. The treatment

of the symptoms due to the lesion should consist in stimulation of the

affected muscles, preference being given to the galvanic current

only when faradic excitability is markedly reduced or lost, and then

that electrode should be selected as the active one that elicits the

best response with a minimum current strength. After return of fara-

dic response, galvano-faradization will be found useful.

In view of the anatomic seat of the trouble, it hardly seems pos-

sible that the weak currents that may safely be applied can produce

a regression of the neuritis. But improvement in function, which,

if no electric treatment be used may be very slow or may not take

place at all, can certainly be accelerated by the methods described.

Frequently an improvement in the reaction in the nerve and

muscles has already set in, and yet no improvement in voluntary

motion has taken place. In such conditions the electric current is

of great service, and we have seen cases in which, for months, the

nerve has thus been impassable to voluntary impulses, recover after

a few weeks of electric treatment.

The severe cases of facial paralysis that lead to distortion or to

secondary contractures and clonic spasm are not prevented from thus

terminating by any kind of electric treatment; and such spasms

and contractures, when present, are, in our opinion, rather aggra-

vated than improved by the use of the current

Ocular Muscles.

A few words must be devoted to the electric treatment of paraly-

sis of the ocular muscles, for there can be no doubt that in a number
of cases recovery is brought about by means of the galvanic current;

we refer to cases in which potassium iodid has proved useless, and that

have persisted sufficiently long to take them out of the category

of transitory paralyses. In such cases a direct traversal of the bulb-

—the anode over the closed lid, and a large kathode on the nape of

the neck, with a current strength of two or three milliamperes flowing;

for two or three minutes—will be found the most satisfactory method
of application.

The direct stimulation of the paralyzed muscle by means of a

properly constructed electrode placed in the conjunctival sac under

free cocainization is certainly possible, but the advantages that this

method is supposed to possess over the stabile galvanic treatment

are not of sufficient importance to warrant its adoption-
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TREATMENT OF SPASM

The spasms that we have to deal with are more especially the

localized forms, although it is, in many cases, impossible to say

whether such spasms are due to peripheral lesions or to central

disease.

Electric treatment will offer most prospect of success in the sup-

posedly peripheral cases, yet even here the failures far outnumber

the successes. The treatment should be mainly a galvanic one, the

nerve-trunks being subjected to the influence of stabile currents of

medium strength. The anode should be placed over the nerve, or,

failing herewith, the negative pole may be tried, or both poles may
be placed over the nerve.

The treatment by means of the undulating, "swelling" faradic

current, as well as by means of voltaic alternation, has in our hands

failed to relieve any form of spasm other than a hysteric one.

Special Forms of Spasms.

• So far as the single forms of spasms are concerned, some improve-

ment may be obtained from the use of electricity. The clonic

spasm of the facial muscles such as tic convulsif and blepharospasm

may be treated by means of the static or high frequency effluve

as well as by anodal galvanization. The intensity to be used should

be as great as can be tolerated. At first the contractions may be

aggravated but after twelve or fifteen sessions, covering a period

of about three weeks, an improvement should be noted. If by this

time no effect is noticed, then the probability is that little can be

accomplished by the use of electricity. Tonic spasms, such as

torticollis, can be treated in the same way.

In occupation cramps, which may involve any group of muscles,

electric treatment may be of value and act as an adjuvant to other

forms of treatment. It must be borne in mind that three elements

enter into such spasms as writer's, pianist's, florist's, compositor's,

telegrapher's, violinist's and dancer's cramps. These factors are:

first, poor general state of health, a neuropathic constitution, and

muscular overstrain. They all persist indefinitely and are very re-

fractory to treatment, but electricity always holds out some hope.

The static bath should not be disregarded and a static or high

frequency effluve may be directed over that segment of the cord
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which corresponds to the muscles which are involved. If faradiza-

tion fails, galvanization may be substituted. For this purpose a

roller is used as the active electrode and is attached to the positive

pole and applied over the affected muscles. The intensity of current

should be five or six milliamperes and the duration of the treatment

from three to five minutes. As long as there is any improvement

the treatment should be persisted. After about twenty sessions,

a rest of a week may be given.

The main fact must be recognized that in the majority of cases

of spasm electricity is therapeutically of little value. Only the

most recent cases are at all susceptible of beneficial influence and

perhaps only a minority of these react.

When pronounced cases of clonic or tonic spasm, which have

persisted for some time, are cured by means of electricity, this fact

may be accepted as evidence of their hysteric origin. It is in these

classes of cases that static electricity is of the greatest value.



CHAPTER II

ELECTRIC TREATMENT IN DISEASES OF
SENSORY NERVES

Hyperesthesias and Anesthesias. Importance of Diagnosis. Neural-

gia and Its Various Forms. Methods of Treatment. Revulsive.

Sedative. Iontopheresis . Diathermia. Electromagnetic and Anionic.

Special Forms of Neuralgia. Trigeminal Neuralgia. Intercostal

Neuralgia. Sciatic Neuritis and Sciatic Neuralgia. Central and

Peripheral Anesthesia. Paresthesias.

An irritative or a destructive lesion of any part of the sensory

tract, from the cortex to the peripheral filaments, produces, in the

one case, hyperesthesia (pain, neuralgia), and in the other, anes-

thesia. The task of the electrotherapist in these cases being the

abolition of such hyperesthesia or anesthesia, it must not be forgot-

ten that the possibility of success will depend primarily upon the

nature and seat of the irritating or destroying lesion; and it will be

evident, for example, that a trigeminal neuralgia due to a cerebral

tumor, or a trigeminal anesthesia due to nuclear degeneration, can-

not be cured by electric treatemnt. This diagnostic question of

localization and nature does not concern us here, except to say that

leaving aside the nature of the trouble, all nerve pains, when de-

pendent upon disease in the peripheral sensory neurons, can be

beneficially influenced by some form of electric current.

The benefits obtained from the use of electricity in many forms

of neuralgia are so decided and so evident that even the most pro-

nounced opponents of the therapeutic value of electricity cannot

avoid seeing and acknowledging them. No suggestive method of

treatment can in any way equal the antineuralgic action of electricity.

This fact alone makes it improbable that the suggestive relation of

electricity is here the curative action. It furthermore seems rea-

sonable to assume that if the beneficial action of electricity in neural-

gias were due alone, or in great part, to suggestion, neuralgias of

all nerves, irrespective of situation, would show the same improve-

ment. This, however, is by no means true, for, as we shall see,

neuralgias of certain nerves are very susceptible to improvement

454
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through electric treatment, while neuralgias of other nerves are

scarcely, if at all, influenced by it. While we must admit that it is

hardly possible in any individual case to preclude the possibility of

the psychic effect, upon the patient, of electric treatment, yet we do

not believe that there can be much doubt in the minds of those who
have had considerable experience in the electric treatment of neu-

ralgias that when such cases are benefited by this treatment, the

benefit obtained is directly due to the electricity as such. This spe-

cific action of electricity upon neuralgias is generally recognized,

but upon what it is dependent—whether upon the production of an

altered state of excitability in the hyperesthetic nerve or upon the

direct production of anesthesia through strong counterirritation

—

cannot be stated with any degree of assurance. Certainly when we
bear in mind the electrotonizing anodal action of the galvanic cur-

rent, as well as the counterirritant action of this and other forms of

current, we have a sufficient scientific basis to consider the electric

treatment of neuralgia far from being a mere empirical expedient.

The methods of treatment to be adopted will accord with these

presumptive modes of action; and, in a general way, we may say

that neuralgias may be treated by means of electricity in five dif-

ferent ways and these may be classed as follows:

1. Revulsive methods.

2. Sedative methods.

3. Iontophoresis.

4. Diathermia.

5. Electromagnetic and anionic methods.

1. Revulsive Methods.

The best way to produce an intensive irritation of the skin is by
means of the faradic brush. Good results have been obtained by

the fine faradic sparks, and more recently the high frequency

effluve and sparks from the high frequency condenser electrodes

have proven effective. If an extreme irritation is deisrable, then

a metallic electrode with short sparks drawn from the resonator

will be found efficient.

2. Sedative Methods.

Positive galvanization and the Leduc currents are the most seda-

tive forms to be used. Positive galvanization is used in gradually

increasing intensity until a point is reached just short of production
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of pain. As each intensity is applied the sensation is diminished

and the intensity may again be increased. The Leduc current pro-

duces fatigue of the nerve and also has an electrolytic effect. In

the use of sedative methods it is necessary to use moist electrodes

in order to obtain deep sensations.

3. Iontophoresis.

By means of iontophoresis a sedative medication may be intro-

duced into the lymphatics and blood-vessels after passing through

the skin.

4. Diathermia.

By means of diathermia a direct penetrating heat may be pro-

duced in the sensitive parts and thus relieve much of the pain of

neuralgias. Great care must be taken to see to it that the active

electrode is placed in good contact with the integument, or the

application may become very painful on account of the small sparks

that jump from the edge of the electrode to the skin, and a sufficient

current strength can be used in order to get the deeper thermal effects.

In most cases the electrode may be placed immediately over the seat

of greatest pain. In some instances, however, mere pressure of the

electrode may be so painful that it is necessary to place it at a more

remote point. This difficulty may at times be overcome by using

a flexible electrode that can be adapted to conform to the shape of

the part to which it is applied.

When the pain is localized, it is always well to use a small active

electrode, because this in itself concentrates the thermal action of

the current.

5. Electromagnetic and anionic therapy may also be found useful

on account of their sedative action.

All these various methods of treatment are considered in detail

under the different neuralgias where they may be particularly

indicated.

Special Forms of Neuralgia.

Of the special neuralgias that require further comment, it may be

said that occipital neuralgia is best treated by means of a, small, square

anodal electrode upon the upper part of the neck on the side corre-

sponding to the pain, and a large kathode upon the sternum. From
three to five milliampires of current should be allowed to flow steadily

for about Jive minutes. In no form of neuralgia will greater sur-
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prises be met than here. Occipital neuralgia might almost be divided

into two classes—-the hysteric and the incurable cases—and their

diagnostic differentiation is by no means easy. We shall thus be

surprised by effecting a cure when we least expect it, while, on the

other hand, we shall meet with many cases—that is to say, compara-

tively many, for this form of neuralgia is not frequent—in which no

form of treatment other than surgical presents any prospect of relief.

Neuralgias of the brachial plexus may be treated according to

the general rules already given, but modified to meet the special

indications that involvement of the different nerves may furnish.

In these cases, however, we consider it better to divide the treatment

into two stages: First, the kathode is placed upon the cervical spine

and a smaller anode in the supraclavicular fossa, and a current of

from 2 to 5 milliamperes is allowed to flow steadily for two minutes.

After this the kathode is to be placed in the fossa, and the anode

over the nerve that is affected—radial, ulnar, musculospiral, or

median, as may be. The current is to be gradually increased to

eight or ten milliamperes, and allowed to flow for about three minutes.

This stabile galvanization of the painful points may be substituted

by labile galvanization of the nerve-trunk in all cases in which the

affection has been of long duration. Counterirritant methods should

be avoided. The results of electric treatment here are very good.

On the other hand, the electric treatment of mastodynia and

abdominal neuralgia is more frequently a failure than a success, and

we have known these neuralgias to persist for years, uninfluenced

by the various methods to which they have been serially subjected.

Trigeminal Neuralgia.

Trigeminal neuralgia is one of the most obstinate and most pain-

ful of all neuralgias. The causes are numerous and all causal therapy

must be thoroughly practised in order to meet this condition. Elec-

tricity is called in as an adjuvant in the treatment of trigeminal

neuralgia and often when persisted in is of great value in the relief

of the pain and spasm. All three branches of the trigeminus are

seldom involved simultaneously. The superior branch is involved

more frequently than the other two. Before electrotherapy is

instituted, care must be exercised to exclude other conditions, such

as affections of the sinuses, involvement of tooth roots, etc.



458 ELECTRIC TREATMENT IN DISEASES OF SENSORY NERVES

Trigeminal neuralgia may be divided into two types, the mild

and the severe case. Both are often equally persistent and equally

painful, but in the mild type, the pain is more or less continuous

and in the severer type the pain comes in spasms that are excruciat-

ing and include the condition known as tic douloureux. In this

latter form the attacks are so paroxysmal that Trousseau has charac-

terized them as epileptiform. The attack appears very abruptly

and with a terrible intensity, lasting often but a few seconds but

leaving a severe general facial pain. The mild form generally is

amenable to electric treatment while the severer form is for the most

part refractory. The galvanic current often gives good results

for a time, and in the paroxysmal form galvanization often causes

the intervals between the attacks to become greater.

Bergonie has devised a method for the treatment of trifacial

neuralgia, in which high current intensities are used. For this pur-

pose he has devised a special electrode which consists of a so-called

semi-mask. It is made of a metal plate with three prolongations.

Half of the face is then covered leaving the eye and the mouth

free. The metal plate may be of any convenient metal, such as

tin, aluminum or platinized copper. The metal is covered with a

thick layer of felt or absorbent cotton and well moistened with hot

water. This electrode is held firmly against that side of the face

which is affected and held in position by rubber bands. It is con-

nected with the positive pole. The indifferent electrode is placed

on the back. The patient is placed in a reclining position and the

current slowly drawn into the circuit. The intensity is gradually

increased until the patient's tolerance is reached. In ordinary usage

intensities of about forty milliamperes may be attained, but Bergonie

himself reports having used as high as eighty milliamperes. The

session should be a long one, lasting from three-quarters of an hour to

an hour. At the close of this session the intensity may be briefly

raised. Careful manipulation by the operator will often assist in

enabling the patient to tolerate a higher intensity. Great care must

be taken that the intensity does not fluctuate and there be no

sudden interruptions of the current as this may be followed by

unpleasant consequences.

Applications may be made every second day and should be per-

sisted in until the most urgent symptoms have been relieved, then

the treatment may be suspended for several weeks in order to observe
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its effect. In obstinate cases ionic or electrolytic treatment with

the use of the quinine or salicylic ion may be used. For this pur-

pose the Bergonie mask is very suitable and the covering of the

mask is saturated with the electrolyte. In order to obtain the

penetration of the quinine ion, the active electrode is attached to

the positive pole. When the salicylic ion is used the current is

reversed.

The diathermic action of the high frequency currents may also

be used with good results. The current must be one of strong in-

tensity so that the subject has a decided sensation of heat. With
such an application, however, great care must be taken, because

the development of heat often increases suddenly and causes a severe

paroxysm of pain. It has been our experience that diathermia,

if cautiously applied, will often afford complete relief from pain

for from twelve to twenty-four hours when other methods have

failed. These diathermic applications may be repeated daily until

the pain is relieved.

Intercostal Neuralgia.

Electricity is an excellent aid in the treatment of intercostal

neuralgias and any of the methods previously explained are appli-

cable. It is most important before treatment is instituted to de-

termine the causal factor, whether due to exposure, rheumatism,

or as a sequela to pleurisy or pneumonia, and these should of course

first be treated or removed. In the case of a herpes zoster no. treat-

ment should be begun until after the blebs have opened and a

cicatrix has formed. Then some sedative form of electric treatment

will generally afford relief of pain.

In the milder forms of intercostal neuralgia we have found the

use of the faradic brush to be of value. But in the old and painful

cases we would give galvanism the preference. For this purpose

a large half cylindrical sponge electrode, with a surface of from

four to five hundred square centimeters is placed over the affected

area, and held in position by means of a bandage. This active elec-

trode is connected with the positive pole, while the negative pole is

attached to the indifferent electrode which is then placed on the

back opposite the point of exit of the affected nerve. An intensity

of from fifty to eighty milliamperes may then be allowed to flow

for about three-quarters of an hour. These sessions may in painful
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cases be repeated daily, and then gradually reduced to three times a

week.

Sciatica.

Sciatica or better, sciatic neuritis, is a true neuritis, inasmuch as

the nerve itself is a part of an active inflammatory process. Care-

ful differentiation should be made between the neuralgia of the

sciatic nerve and a neuritis of this nerve. The question of the

neuralgia is taken up under that heading.

The treatment of sciatic neuritis follows that which is described

under peripheral neuritis. The physician's attention is generally

called to the condition on account of the extreme pain and there-

fore it is necessary to resort to the use of the galvanic current.

This may be more efficiently applied by means of the roller electrode

which is allowed to traverse the skin directly over the course of the

sciatic nerve from the hip to the knee, allowing ten milliamperes of

current to flow and continuing the application for ten to fifteen

minutes.

Excellent results for the relief of pain can be obtained by means

of diathermic application from the high frequency apparatus. For

this purpose a large metallic electrode is placed over the sacroiliac

joint of the affected side and connected with one terminal of the

solenoid. Another large lead electrode which has been bent into a

half cylinder is placed on the calf of the affected leg held in position

by means of bandages. The current is then allowed to flow until

the hot wire milliamperemeter registers from two hundred to nine

hundred milliamperes in accordance with the toleration of the

subject. The application may last from ten to fifteen minutes and

may be repeated every second day.

The counterirritating effects of the high frequency spark will

also be found beneficial in mild sciaticas, but the application should

be followed by the milder effluve.

For the atrophies that follow a sciatic neuritis, the regular faradic

or combined galvano-faradic treatment should be used.

The results of the electric treatment of sciatic neuritis are gen-

erally good and should always be tried where more drastic methods

are unnecessary or inadvisable. We must not, however, attribute

the entire cure of a sciatic neuritis to any particular form of electric

treatment. Patients who are undergoing such treatment are gen-
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erally subjected to an enforced rest, and rest in itself is one of the

biggest factors in the cure of all forms of neuritis.

Anesthesia.

Reduction or total loss of sensation will have to be treated upon

the same principles as loss of motor conduction, the treatment,

whenever possible, being directed to the seat of the disease as well

as to the symptom itself. Anesthesia due to central disorder must

be carefully differentiated from that due to peripheral causes. In

the former, amelioration from electric treatment will vainly be

sought; but in the latter, thorough faradic brushing will in many
cases be found to exert a beneficial influence.

Paresthesias and other sensory disturbances very rarely, per se,

require treatment of any kind, as they are usually concomitants of

more annoying and more serious disturbances.



CHAPTER III

THE ELECTRIC TREATMENT OF DISEASES OF MUSCLES

Primary Myopathies. Secondary Muscular Atrophies. Paresis of

the Peroneus Longus. Paresis of the Sura Muscles. Myalgias.

Lumbago. Torticollis.

Primary Myopathies.

Primary myopathies may be divided into two classes. The

first class consists of those in which the muscular atrophy is masked

and the second group contains those in which the atrophies are im-

mediately patent. To the first class belongs the pseudo-hypertro-

phies of Duchenne, which is also known as the Charcot-Duchenne

myopathy. This condition is characterized by the apparent over-

development of the muscle and the actual reduction of muscular

function to even a minimum. The clinical picture has been aptly

described as "a young child with the muscles of an athlete." As

a rule, pseudo-hypertrophy begins in the calf muscle when the child

first learns to walk. The affection gradually spreads upward and

is symmetrical. The supposed muscle consists mostly of fat and

connective tissue and the muscle tissue itself is greatly reduced as

is evidenced by the thin tendon.

The other class of myopathy is that in which the atrophy is

apparent and pronounced. Under, this class are grouped progressive

muscular atrophy, the type of atrophy known as Landouzy-Dejerine,

which is a descending atrophy, and the type known as Leyden-

Moebius, which differs from the preceding by being ascending. Fi-

nally there is the type described by Erb which is termed the

atypical juvenile myopathy.

Electrodiagnosis.

In all of these conditions the affection is limited to the muscles

and the nerves are not involved. Therefore, one does not expect to

find a reaction of degeneration. Still a certain reaction of degenera-

tion is present, and both faradic and galvanic excitability are dimin-

ished, sometimes even to such an extent as to be entirely absent.

462
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Treatment.—No matter how the electric treatment of this condi-

tion is pursued, it must last for a long period of time. The myo-

pathies may be treated by the use of the galvanic, the faradic or

the combined current.

Galvanic.—When the galvanic current is used a general applica-

tion is to be preferred. If the lower extremities are involved, the

large indifferent electrode is placed over the loins and the feet are

immersed in a foot bath. The indifferent electrode is connected

with the positive pole and the foot bath with the negative pole.

The same proceeding is used if the upper extremities are involved

except that the indifferent electrode is placed over the upper dorsal

vertebrae and the hands are plunged into the bath. In both in-

stances the intensity of the current is gradually increased to about

fifteen or twenty milliamperes and the session lasts for fifteen min-

utes. Then the intensity is gradually reduced to zero.

Faradic.—The faradic application usually succeeds the galvanic.

The indifferent electrode remains in the position in which it has been

placed and the active electrode which consists of a small pad is suc-

cessively placed over the motor points of the affected muscles. Each

point is stimulated rhythmically twenty times and this is best done

by throwing into the circuit the metronome interrupter which has

been set to break the current once a second. The best faradic

current to be used for this purposes is derived from an induced coil

of a coarse wire. The strength of the current should be just suffi-

cient to cause contractions of the affected muscles.

The Galvano-faradic.—The combined current is really the one

that is most desirable in the treatment of myopathies. The faradic

element is derived from a coil of coarse wire and the galvanic element

should be of low intensity so that the combined elements are suffi-

cient to produce slight muscular shocks. Here also the metronome

interrupter is introduced into the circuit in order to obtain rhyth-

mical contractions and the technique is the same as that used in

the faradic application.

Sessions of the entire treatment should be given at first daily

and then may be reduced to every second day. It may be neces-

sary even at the beginning to use the application at intervals of

every second day, because the affected muscles may show too great

a fatigue if the application is repeated too frequently.

As has been said before the duration of the treatment must be
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kept up for a very long period of time. It must in fact be carried on

for several years, and it is well therefore to allow the course of treat-

ment to be governed by some definite rule, so as to give the patient

a rest period of a month at intervals of every three or four months.

As a rule, the prospects are poor as far as the regeneration of the

muscle is concerned. We can, however, retard the process and even

bring it to a standstill, so that no further muscular power is lost

and the atrophy remains stationary. Some writers, however, re-

port cures, as for instance Miller reports the cure of a case of pseudo-

hypertrophic myopathy in 200 sessions, covering a course of five

years treatment.

Secondary Muscular Atrophies.-—Secondary muscular atrophies

are those which are secondary to other primary conditions such as

traumas, atrophies following surgical operations, atrophies caused by

joint diseases, etc. In all of these conditions, the number of mus-

cular fibers is diminished, and the treatment is directed to increase

them. In this connection it must be borne in mind that many other

remedial agents besides electricity are available in ameliorating the

condition. But it is electricity alone that can excite the muscles

to contract and therefore the use of electricity should never be neg-

lected in the treatment of these cases.

The current of selection is the faradic, but sometimes the faradic

element alone is insufficient to produce contraction and therefore

the galvanic or the combined current must be used. When the

galvanic current is used, large intensities may be required and there-

fore one must guard against burning and injury of the superficial

tissues at the point of contact of the electrodes. In order to over-

come this, Truchot has devised an apparatus in which an alternat-

ing galvanic current is produced and thereby stronger muscular

contractions are effected than could be obtained by means of the

simple interrupted galvanic current. The additional advantage of

the Truchot apparatus lies in the fact that iontophoresis is practi-

cally suppressed. The presence or absence of the reaction of de-

generation has no bearing on the treatment.

Before any electric treatment is begun, the special cause of the

atrophy must be treated or removed. If the atrophy follows a

joint affection, the special treatment of the joint must not be neg-

lected. If, however, the atrophy should be the result of a contu-

sion or the result of immobilization of a part in consequence of a
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fracture, then manipulation, massage, etc., should go hand in hand

with the electric treatment.

Electrodiagnosis.

In secondary atrophies there is always a diminished faradic and

galvanic excitability of the muscles. There is never a reaction of

degeneration unless the nerve which supplies the muscle has been

affected. But the electrical examination is most important in the

prognosis. If there is but a slight reduction in the muscular excit-

ability, then a restoration of function will probably take place in

from two to three weeks. If the excitability is merely reduced, but

at the same time good muscular contractions can be elicited by a

current of medium intensity, then the time required before the

function will be entirely restored will be from two to three months.

If the excitability is so reduced that contractions can be elicited

only with currents of great intensity, the prognosis is correspondingly

serious and recovery cannot be expected before six months or a year.

Treatment.—The electric treatment of secondary atrophy is again

pursued by the use of the faradic, galvanic and the combined current.

Galvanic.—The large indifferent electrode is placed over the seg-

ment of the cord from which the nerves which supply the affected

muscle arise. The active electrode which consists of pads mounted

on cylindrical metal sheets is placed around the affected joint. The
intensity of the current should be fifteen milliamperes and the cur-

rent should be allowed to flow for ten minutes. Care should be

taken that the current be continuous and no shocks from inter-

ruptions of the current be experienced.

Faradic and Combined.

The technique of the application of the faradic and the combined

current is the same as that described under primary myopathies.

The sessions should be instituted every secondday until restor-

ation of function has been achieved. As a general rule the results

are good. The function is usually restored although in many cases

the visible atrophy remains.

Paresis of the Peroneus Longus.

Paresis of the peroneus longus which is also described as painful

pes valgus, is now generally regarded as a functional impotence of

the muscle. The condition manifests itself in two stages. The
3°
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first stage is characterized by a tendency to varus and in the sec-

ond stage where the paresis is more marked the condition changes

to valgus. Orthopedic appliances such as the wearing of lace

boots with simple arch supporting devices should of course be used.

In addition, however, the paresis of the muscle must be treated

electrically.

In the first stage the currents of selection are faradic and combined

currents. The large indifferent electrode is placed over the lumbar

region and the small active electrode is placed over the motor point

of the peroneus muscle involved, and is held in position by means of

bandages or rubber bands. The faradic element used is derived

from a coil with coarse wire and the current is rhythmically inter-

rupted by means of the metronome. The intensities used should be

sufficient to attain a good muscular contraction. In addition to

this the muscle itself may be directly faradized. The sessions should

last about ten minutes.

During the second stage, galvanization should be used. The

large indifferent electrode remains as previously described and is

connected with the positive pole. The entire foot is placed in a bath

which is connected with the kathode. A constant current of an

intensity of from ten to twenty milliamperes is allowed to flow for

fifteen minutes without interruption. These sessions should be

repeated every second day until a marked improvement shows

itself. The results as a rule are excellent and it has become accepted

that the condition can be cured by the use of electricity alone.

Paresis of the Sura Muscles.

The conditions of the pes cavus, or talus clubfoot, are associated

with weakness of the sura muscles. The sural paresis interferes

with the extension of the foot at the tibio-tarsal joint. As the paresis

progresses the heel gradually becomes lower than the rest of the foot

which ultimately takes a position of dorsal flexion. These facts

enable one to distinguish the deformity of a sural paresis from a pes

valgus.

The treatment differs in accordance with the symptoms that are

shown. The pes cavus when due to the paresis of the two gemelli

and the soleus requires faradization of these muscles with the pos-

sible aid of galvanization in severer cases. When a sural paresis

is associated with the nonpainful form of pes valgus, the treatment
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is directed toward the faradization of antagonistic muscles such as

the tibialis anticus.

The galvanic treatment of this condition is the same as that as

has been described under painful flatfoot. The faradic application

can be either monopolar or bipolar as previously described. The
sessions should be instituted daily and if the course of treatment is

sufficiently prolonged a cure should be effected. Duchenne claims

that these conditions may be cured by electricity alone without

orthopedic appliances.

Myalgias.

Myalgias which are most amenable to treatment by electricity

are those in which the muscular pains are of rheumatic origin.

Myalgias of special muscles or groups of muscles that cause a definite

clinical picture such as torticollis, pleurodynia and lumbago, come

under this class. These conditions should never be neglected be-

cause in time an atrophy may follow the myalgia. Electric treatment

should be begun as soon as possible. The galvanic current is the

one that gives the best results. The general rule for the treatment

of myalgias is to make the anode the active electrode and place

it over the painful points. This creates a state of anelectrotonus

which reduces the irritability of the nerves. The indifferent elec-

trode may be placed at any remote part of the body. High inten-

sities of current may be needed and therefore burns must be guarded

against by careful padding of the electrode.

The electrolytic effect of the galvanic current may also be made

use of in order to cause ionic exchanges and thus accelerate the re-

tarded nutrition in rheumatic subjects. In the early stages of the

condition, franklinic sparks may be used. But the spark must be

a long and a strong one and therefore the application often becomes

painful and at times intolerable. If a myalgia has continued un-

treated for a time long enough to cause an atrophy of muscles,

then the faradic and the combined currents must be used. As the

condition is often associated with an active neuritis, a roller electrode

will be found to be less painful in the treatment of atrophied muscles.

Lumbago.

Lumbago or lumbar myalgia requires special attention. In the

earlier stages a lumbago will often respond to the faradic spark de-

livered over the lumbar muscles. The galvanic-faradic and com-
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bined currents, however, are those which will in general give the

best results.

Galvanization.—The large electrode of one hundred and twenty to

one hundred and fifty square centimeters is placed over the painful

area and connected with the positive pole. The negative pole is

attached to the indifferent electrode which should be of sufficient

size practically to cover the entire abdomen. The current intensity

is gradually increased until from sixty to one hundred milliamperes

of current are flowing, depending upon the toleration of the subject.

The duration of this application should be from one-half to three-

quarters of an hour, and then the intensity is slowly reduced to

zero. Care should be taken that the current is not interrupted and

all electric shocks should be avoided. Here also attention must be

paid to avoiding superficial burns.

If the lumbago is purely rheumatic, then it is well to utilize

the electrolytic action of the current by saturating the lumbar

electrode with a solution of salicylic acid.

Faradization and galvanic-faradization require no special men-

tion as the method of procedure is the same as in other conditions of

this class. Treatment should be applied every second day and should

be prolonged in accordance with the toleration of the subject. The

results are generally good and prompt. In recent cases five to six

applications suffice to produce a cure.

Torticollis.—Myalgia of the trapezius and sterno-cleido muscles

causes a wry neck. The etiological factors may be cold, impairment

of nutrition or injury such as is associated with wrong positions in

sleeping. There is a temporary and permanent form of torticollis.

The temporary form is characterized by a simple myalgia of

the trapezius and sterno-cleido muscles. In the permanent form

either muscles may be involved and the condition is characterized

by marked reactions. The temporary form may be treated by

franklinization and galvanization. The permanent form, however,

should be treated only by galvanization unless the condition has

been of long standing and the deformity is very marked. In the

latter case faradization of the antagonists is indicated. When
galvanization is used the large electrode is placed at the nape of the

neck and connected with the negative pole, and the active electrode

which is connected with the positive pole consists of a roller which is

allowed to pass smoothly over the painful muscles while a current
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of ten to twelve milliamperes is allowed to flow. A session may last

fifteen minutes.

When faradization is used the large indifferent electrode remains

in position and the roller is replaced by a smaller padded electrode

which is so applied as to stimulate the muscles on the healthy side.

As a general rule, it is well to work out carefully the exact muscles

affected and then to stimulate the identical corresponding muscle

on the opposite side of the neck. As the neck muscles are symmetri-

cally placed the unaffected muscles will represent the antagonists of

the affected muscles. Such sessions should be instituted daily.

The results obtained depend upon the promptness with which treat-

ment has been instituted. Cures are generally effected in the case

of short standing but improvement can always be obtained no matter

how severe the condition may be.



CHAPTER IV

ELECTRIC TREATMENT IN DISEASES OF THE CENTRAL
NERVOUS SYSTEM

Diseases of the Brain. Methods and Counterindications. Stimulation

of Palsied Muscles. Cerebral Electrisation. Psychoses. Epilepsy.

Diseases of the Spinal Cord. Myelitis. Paralyses of Rectum and

Bladder. Acute Anterior Poliomyelitis. Chronic Poliomyelitis. Pro-

gressive Muscular Atrophy. Tabes. Friedrich's Disease. Syringo-

myelia. Migraine. Zoster.

From the viewpoint of suggestionists, diseases of the central

nervous system with gross anatomic lesion cannot be influenced by

electric treatment. Every one will agree to the statement that such

diseases by no means offer an encouraging field for electrothera-

peutic work; that inasmuch as destroyed nerves, atrophied cells, and

degenerated tracts cannot be restored or even brought approxi-

mately to their normal condition by any other remedial agent at

our disposal, so, likewise, is electricity powerless to effect such

restoration.

Yet we should never lose sight of the fact that many of the

symptoms accompanying organic disease of the brain and spinal

cord are not due to destructive processes in the nerve tissue itself,

but are accessory phenomena due to nutritional disorders that have

arisen in consequence of irritation, of inhibition, or of circulatory

changes. That such processes, even if central, may be influenced by

peripheral stimulation is certain, and it is by no means impossible

that an incitation to the formation of new paths for the conduction

of impulses may be set up by such peripheral stimulation. It

has been shown that we are able to reach the brain and spinal cord

directly by means of an electric current percutaneously applied,

but it is highly improbable that currents of sufficient strength to

produce any of the action upon which the curative influence of elec-

tricity is supposed to depend, reach these organs.

470
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Diseases of the Brain.

Local galvanization of the head has been recommended in the

treatment of focal as well as of generalized diseases of the brain.

If used, it should be applied according to the following method:

Two large electrodes of nearly equal size are to be placed, one upon

the neck, the other upon the forehead, and the galvanic current is

to be very gradually and carefully introduced and increased up to

one-half milliampere or, at most, two milliamperes. After the cur-

rent has been allowed to pass for a very few minutes (two, three, at

most, five), it is to be diminished gradually to zero, and the electrodes

then may be removed. The same procedure may be carried out

according to the methods of longitudinal, transverse, diagonal, sub-

aural, and localized galvanization. For the latter method it is

advised to place the active electrode over the convolutions that it is

desired to galvanize, and to select the polarity with special regard

to the effect desired upon the flow of blood in the brain. To pro-

duce anemia, the anode is to be used, while the kathode is supposed

to increase the determination of blood to the cerebral vessels.

Would that we were so fortunate as to be able to modify disor-

dered processes in this precise and accurately predetermined man-

ner! As already stated, it is more than doubtful that currents of

material strength reach the diseased parts. If this be acknowledged,

then such localized treatment is futile ; if not—that is to say, if cur-

rents of a certain strength do flow through the brain—then such

currents may, especially in the presence of vascular disease, be the

cause of direct damage. It has always appeared to us that it is

safer not to make use of direct treatment in any form of brain dis-

ease, and we are certain that in all acute anatomic disorders it is

directly counterindicated. If we are dealing with an anatomically

healthy brain, the method is harmless, so that our strictures do not

apply to its use in purely functional disease. Yet even here we
are sure that the cerebral circulation can be influenced better by

peripheral treatment and by general electrization of varied kinds

than by local applications to the head. Especially useful for the

purpose are the static spark and spray and the faradic brush-
applied to the lower body if cerebral anemia is desirable; applied

to the neck and scalp if the opposite condition is to be brought about.

Headache and dizziness due to organic disease should, in our opinion,

never be treated electrically, unless they are due to arteriosclerotic
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changes, with an increase in the blood pressure. In the latter in-

stance some general application of the high frequency current, such

as auto-condensation may be used and benefit derived from the

lowering of arterial tension. And even then great care must be

used not to cause a too rapid lowering of the blood pressure which

may be attended by an aggravation of the symptoms.

Cerebral Hemorrhage, Softening from Thrombosis and Em-
bolism, and their Dependent Disorders.

The electric treatment of brain disorders resulting from vascular

disease consists chiefly in galvanization of the brain or galvano-fara-

dization of the paralyzed or contractured muscles. Considering the

frequency of such cerebral disorders and the prolonged disability

due to the resultant paralyses, it is important to know when to

begin electric treatment, and to recognize the extent to which bene-

ficial results may be expected from such applications.

It should be self-evident, and not require special mention, that

the use of electricity during the apoplectic attack is absolutely

counterindicated. Not so well known is the fact that no electric

treatment should be instituted until at least four weeks have passed

since the initial attack. If it is believed that galvanism will aid

the absorption of effused blood or of an obstructing plug, and also

improve the state of nutrition of the brain tissue by acting upon the

nonimplicated cerebral vessels, then longitudinal, transverse, or diag-

onal conduction of a mild uninterrupted galvanic current through the

head, the focus of disease being brought as nearly as possible in a

straight path between the two electrodes, and the anode being placed

nearest to the lesion, is the method most advocated. Bilateral

subaural galvanization is also recommended.

We do not employ any of the foregoing methods. Peripheral

electrization should always be resorted to; anesthesias may thus be

improved, and both the peripheral and cerebral circulation aided.

Of the dependent disorders, none but the hemiplegia and possibly

the late contractures can in any way be improved by means of elec-

tricity. In these disorders there can be little doubt that palliation

of the patient's unfortunate condition may thus be brought about.

Inasmuch as the faradic excitability of the muscles is usually re-

tained, this symptomatic treatment of the paralyses is best effected

by means of localized faradization.
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Contractures are best treated by mild faradization of the relaxed

antagonists of the contractured muscles. Stabile galvanization of the

contractured muscles themselves may also be employed. Since such

contractures usually implicate the flexors of the forearm, this treat-

ment may be advocated as a prophylactic measure. How often and

for how long a time such paralytics should be treated with electricity

will have to be decided by every one for himself, according to whether

he attaches importance to the psychic or the direct effect of the agent.

Three times a week for three months seems to me to be a safe rule,

which may be followed by the believers in either influence; then some

other psychiatric method of treatment may be instituted, and this

again be followed by another course of electric treatment.

Abscesses of the brain, tumors, and inflammatory brain dis-

orders not ending in suppuration require merely this mention: that

they are in no wise proper objects for electric treatment; and in

abscess so much valuable time may be lost by such treatment that

its employment is distinctly reprehensible.

Psychoses.

The treatment of psychoses by means of electricity unfortunately

seems again to be gaining a foothold. In stupor, transitory im-

provements may be obtained by means of faradic brushing, but

never more than this. This sentence practically sums up our opinion

of the value of electric treatment for psychoses, unless it be in those

cases that are in themselves of mild nature, short duration, and of

hysteric or neurasthenic origin. Of course, certain general symptoms,

such as constipation, headache, and sleeplessness may be benefited

in these, as in other, diseases, a statement that hardly requires em-

phasis, were it not for the fact that for such reasons electricity is

recommended in the treatment of psychic disorders. Under all cir-

cumstances should it be remembered that fresh delusions may easily

be implanted upon a psychically disordered brain, and electricity

is one of the agents most capable of so doing. It is necessary, how-

ever, to make mention of a method of treatment advocated by Leduc

for cerebral and psychic defects which he terms cerebral electriza-

tion. Leduc claims that the difficulty experienced up to the present

time with this form of treatment was due: first, to the absence of

symmetry of the lines of current flow through the two hemispheres;

second, that the intensities of two to four milliamperes, heretofore
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used, were too weak; and third, that no attention has been paid to

the composition of the electrodes.

The active electrode consists of a long narrow strip of flexible

tin, covered with twelve thicknesses of ordinary lint, and well satu-

rated with a warm saline or sodium salicylate solution. This elec-

trode is connected with the negative pole, placed against the fore-

head, and held in position by a bandage. The indifferent electrode

is belted on to the back. The current is then introduced and very

gradually increased until it attains an intensity of thirty milliam-

peres, where it is maintained for half an hour. The current is then

very gradually reduced to zero.

With such an application Leduc claims great improvement in

both physical and psychic defects. The patients feel stronger, their

speech improves, they regain interest in their occupation, and gener-

ally are highly appreciative. This benefit Leduc ascribes to a possi-

ble penetration of ions, or, in the absence of this, to the ionic changes

between the cells and the surrounding nutritive media.

Epilepsy.

Epilepsy is again one of those conditions in which the treatment

by electricity has been advocated by some and decried by others.

We have found, however, that although electric treatment has for a

time checked or decreased the frequency of the attacks, it has never

produced any permanent improvement.

Good results have been reported by many authors, among them

Erb and Althaus. More recently Hartenberg has reported that

daily seizures may be brought to a standstill by means of general

galvanization. For this purpose the active electrode consists of a

collar which is placed around the neck and connected with the posi-

tive pole. The negative pole' is attached to the large indifferent

electrode on which the patient is seated. Currents of an intensity

of from fifty to sixty milliamperes are then allowed to flow through

the body for a half an hour. Such sessions may be repeated daily

or on alternate days.

Spinal Cord Diseases.

In diseases of the spinal cord electrotherapy offers no more and

no less encouragement than other physical methods of treatment.

All our recently acquired anatomic knowledge, macroscopic and

microscopic, has had no influence upon our therapeusis, and it is
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difficult to see how any can be expected. In the electrotherapy of

spinal cord diseases we shall thus have to confine ourselves to the

relief or alleviation of attacks of pain, and to the assuagement of

certain functional processes. The morbid processes in the cord ex-

tend further or less far, faster or slower, entirely uninfluenced by
the electric current. But here, at least, in contradistinction to brain

affections, we do not believe that we can do any actual harm through

our treatment, and therefore there is no reason for discarding it.

In order to reach the cord, strong currents applied by means of

large, well-moistened electrodes must be employed; and the only cur-

rent adapted to direct treatment of spinal cord diseases is the gal-

vanic. For indirect reflex action the faradic and the franklinic

currents may be used. The muscles paralyzed in consequence of

disease of the spinal cord must be treated locally according to methods

previously described.

The diseases of the spinal cord in which the use of electricity is

entirely futile are: Hemorrhage into the meninges or cord substance,

acute inflammatory states, and tumor formations.

In all others, some benefit, albeit symptomatic and transitory,

may be obtained.

Whenever the exudation of chronic meningitis has caused com-

pression of the anterior nerve-roots, and consequent paralyses and

atrophy of the dependent muscles, these muscles may be treated

with galvanism or faradism in order thus to prevent or retard further

atrophy. The galvanic current may also be used over the seat of

exudation, in the hope of thereby aiding absorption; but no appre-

ciable influence is exerted by the latter method. The irritative symp-

toms due to exudation are occasionally palliated by the stabile

galvanic anode applied over the seat of disease.

In chronic myelitis electricity is of no use whatever; here the

only hope of success lies in attacking the cause of the process

—

syphilis, bone disease, etc., to which electric treatment is inappli-

cable. Certain symptoms dependent upon the myelitic process are,

however, beneficially influenced by electricity. Thus, in the in-

continence of urine and feces due to paralyses of the sphincters of

the bladder and rectum, galvanism and faradism may be of benefit.

The current in either case may be applied percutaneously or topically.

For treatment of the bladder it is necessary to make strong stabile

and labile galvanic applications. One pole being applied over the
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bladder, the other is placed over the lumbar spine or perineum;

or the topical metlwd may be used by placing one electrode over

the lumbar spine, while the other, consisting of a bougie insulated

to its metallic tip, is introduced as far as the neck of the bladder or

into the bladder itself. If the bougie be introduced into the bladder,

the viscus must be full with either urine or other saline solution.

In the rectal affection, the internal electrode, made of metal and

olive shaped, is introduced into the rectum, the other electrode

being placed over the symphysis or on the lumbar spine.

Acute Anterior Poliomyelitis.

Infantile paralysis or acute anterior poliomyelitis is divided into

two stages. The first stage consists of the acute febrile and paralytic

onset, and this is followed by the chronic atrophic or second stage.

The central lesion consists first of the inflammatory changes in the

anterior horns of the cord and this is followed by an atrophy of the

motor cells in the same region, as well as an alteration of the anterior

horn roots of the nerves. As the acute or inflammatory stage sub-

sides there is of course a certain amount of improvement in the paral-

ysis, so that in the second stage the affection is limited to groups of

muscles such as the extensors of the toes, the peronei laterales and

tibialis anticus, while more rarely the calf muscles are involved.

In the upper extremity the deltoids are the ones that are most com-

monly affected. After the subsidence of the acute symptoms the

paralysis is promptly followed by an atrophy of the muscles and the

bones beneath them are often involved in this atrophic process.

When this is the case, various deformities, such as clubfoot and

clubhand manifest themselves, so that certain patients become

absolutely crippled.

Electro-diagnosis and Electro-prognosis.

The electric diagnosis is a matter of great importance in this con-

dition but never should be made until about two weeks after the

paralysis has set in. If a simple diminution of faradic excitability

is found, then the prognosis is good and the patient should recover

the lost function after about two months of treatment. If, however,

a partial or complete reaction of degeneration is found in the paralyzed

muscle, the prognosis becomes more grave in accordance with the

completeness of the reaction of degeneration.

It must be borne in mind, however, that a complete reaction of de-
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generation although serious is not necessarily hopeless and partial

restoration of function can be accomplished by means of electric

treatment. Several successive examinations should be made and

then one of two conditions will become apparent. If as a result of

these repeated examinations the reaction of degeneration gradually

becomes less marked, then a partial recovery with some atrophy may
be expected. If, on the other hand, the reaction of degeneration

remains stationary or becomes more accentuated, and even galvanic

excitability slowly disappears, we may conclude that the function

of the muscle is lost and that the cells in the anterior horns have

been completely destroyed.

It is most important in the consideration of the treatment of

children afflicted with this condition to remember that the child has

been afflicted with a serious illness and for this reason as well as for

the fact that it is a child, its instinctive fear and terror must be

overcome by the most gentle methods of application.

Galvanism, faradism and the combined currents are to be selected

for the treatment of the paralysis.

Galvanism.

A large positive sponge electrode with an area of one hundred

square centimeters is placed over that portion of the cord which has

been the seat of the lesion. The extremity which has been involved

is then placed in a bath of tepid water which is connected with the

negative pole. The intensity is gradually increased to about ten

milliamperes and the current allowed to flow from fifteen to twenty

minutes. This procedure may be kept up for the first fortnight and

then may be modified by substituting a large hemi-cylindrical

electrode placed directly over the paralyzed muscle instead of the

bath.

If desirable the bipolar method may be used, then two hemi-

cylindrical electrodes are placed at either end of the paralyzed mus-

cle and care is taken to exclude the antagonists. Here, likewise,

a current of about ten milliamperes is allowed to flow from fifteen to

twenty minutes.

In another fortnight rhythmic galvanization may be begun.

The application may be either monopolar or bipolar. If the mono-

polar method is used then the operator must observe which pole

causes the paralyzed muscle to contract with the minimal amount of
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current and the treatment should be pursued using the selected pole.

This becomes unnecessary when the bipolar method is used. The

interruptions of the current should be so regulated as to cause

about fifteen interruptions a minute and the application should be

persisted in from two to five months.

Faradization.

When the paralyses are of a mild degree rhythmic faradization

may be employed. The current should be derived from a coil of

coarse wire and the rhythmic interruptions should be slow. Non-

rhythmic and tension currents should never be used in an infantile

paralysis.

As a general rule the muscle should be treated three times a week

and a new electric examination should be made at the end of every

fortnight. The duration of the treatment must necessarily cover

months and even years. As is the case in all prolonged forms of treat-

ment, a rest period should intervene at the end of every two or three

months of treatment. The operator should never be discouraged

on account of an apparent standstill in the condition. The treat-

ment may be abandoned for several months at a time but it is well

always again to begin some form of electric stimulation, because

some cases have shown a restoration of function after years of a

persistent paralysis. The keynote of the treatment of these cases

is perseverance. Complete cures in such cases are rare, but the

majority of cases do respond, and persistent effort is rewarded by

some return of function.

For some time electric treatment of the cord itself was advocated

to influence the acute inflammatory condition, but we have always

felt that this should be carefully avoided. In fact, the closer study

of poliomyelitis, for which the recent epidemic in New York has

afforded great opportunity, shows that any form of active physical

treatment is inadvisable during the acute stage, and even for some

time after the acute stage has passed.

Great damage can also be done to the paralyzed muscles if elec-

tric treatment is begun too early. These muscles during the

paralytic stage should be given complete rest, and the affected

extremity should be so placed that the muscles may not bear even

the slightest strain. We feel very strongly, therefore, that it is

best to delay the electric treatment of the muscles for a suffi-
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ciently long time so as to be sure that the acute inflammatory

changes have completely subsided.

Acute Anterior Poliomyelitis in Adults.

There are two conditions which are described under this heading.

In the first form the condition that appears in adults is the same as

that which appears in the children. The second form begins in the

lower extremities and soon involves all the muscles of the body with

the exception of those of the head and face. This condition has

also been termed a general spinal paralysis. In this form of paraly-

sis the muscles are flaccid but the sensation persists. The tendon

reflexes are absent and the paralyses are followed by atrophies of

the muscles. After a variable time a slow but complete cure is

possible. The natural progress of the disease is slow.

The treatment of that form of the disease which resembles

infantile paralysis is the same as has been described under that

heading.

The second or generalized type is treated by means of the constant

and interrupted galvanic current applied to the four extremities.

The technique is that of any ordinary galvanism and the unipolar

method is used. The indifferent electrode is placed on the back and

the active electrode, which consists of a half cylinder, is applied at the

wrist or ankles. The current intensity of twenty milliamperes is

allowed to flow for about fifteen minutes and this application is

succeeded by rhythmic galvanization in which the poles which give

the greatest contractions are used at the extremities. The bipolar

method may also be used.

The prognosis of the first type agrees with that of an infantile

paralysis in children. The prognosis of the second type on the con-

trary is much better because these conditions often undergo a spon-

taneous recovery. But some form of electric treatment should al-

ways be used, as at times it prevents the progress of the disease

and always greatly hastens the recovery.

Subacute and chronic poliomyelitis, whether occurring in children

or in adults, should be treated according to the same principles.

Here, also, it is necessary to emphasize the fact that improvement

and recovery of the lost function may occur after the lapse of a very

long period of time, so that it is essential to maintain the nutrition

of the muscles and to persevere with the electric applications for
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many months. The treatment should be commenced as early as

possible, but, of course, not while any general symptoms due to

the inflammatory process are present.

Progressive muscular atrophy is but little, if at all, influenced

in its course by electric treatment. We have seen no case in which

a muscle once affected recovered its lost function, or in which the

progressive implication of other muscles was stayed by the Use of

electricity. Not much more can be said of the influence of electricity

upon other systemic diseases of the spinal cord.

In spastic spinal paralyses, ataxic paraplegia, and amyotrophic

lateral sclerosis electric treatment can serve only for the temporary

amelioration of certain symptoms or for the hope of improvement

that it may inspire.

Tabes.

While it may justly be said that many diseases have been treated

largely by means of electricity before its worthlessness as a remedy

in such affections became generally acknowledged, yet one disease

has been, more than all others, subjected to electric treatment with-

out any general concurrence of opinion as to its value having as yet

been obtained. We refer to locomotor ataxia (tabes dorsalis), in the

treatment of which electricity still occupies an important position

in the opinion of many prominent neurologists, while others con-

sider its value to be at least insignificant. Undoubtedly, the improve-

ment of a large number of subjective symptoms that occurs soon

after the beginning of electric treatment in most cases of tabes is

dependent upon psychic influence; but the fact remains that certain

other symptoms are always ameliorated in one and the same sequence,

when improvement takes place at all, which goes far to sustain

the supposition that electricity exerts a direct influence in the pro-

duction of such result. If we consider that the anatomic changes

in tabes are not limited to the spinal cord, but that the peripheral

nerves, especially the sensory ones, are usually invaded by the de-

generative process, and in many cases may be the primary seat of

the disease, it is not at all improbable that if taken very early such

cases must be susceptible of improvement or, at least, of arrest of

progression.

It is all a question of early diagnosis, and how early the diagnosis

of tabes can be made with certainty, can hardly be decided. That
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the tabetic process cannot be influenced by electricity after the

occurrence of the marked anatomic changes that we are accustomed

to find in the cord, is certain, and it seems probable that all improve-

ments occurring after the earliest initial stage has past, do so in the

natural course of events, and not because of any remedy that may
have been employed. We have seen cases of tabes, diagnosticated

as such when but little more than an anesthesia of the trigeminus

was present, go on to full development of the disease within a few

years, notwithstanding that energetic and continued antisyphilitic

treatment had been instituted as soon as the diagnosis was made;

on the other hand, we have seen cases that showed transitory diplo-

pia, inequality of the pupils, and paresthesias of various kinds, and

that were treated at once by means of electricity, fail to show any

increase of symptoms for years.

All this, of course, proves nothing, but it does serve to emphasize

the fact that if electricity is to be used at all in tabes, it should be

used in the very early stages and not as a last resort. The treat-

ment then should be carried out centrally by direct galvanization of

the cord, and peripherally by means offaradization of the skin. Stabile

or labile galvanization may be employed, and each application should

last about ten minutes, and be followed by the use of the faradic

brush, applied rapidly to those parts that are the seat of neuralgias

and paresthesias.

The cervical sympathetic ganglion may also be treated by gal-

vanization. The anode, which is made the indifferent electrode, is

placed on the back of the neck and the active electrode, consisting

of a small tampon and connected with the negative pole, is placed

along the border of the sterno-cleidomastoid muscle. Eight or ten

milliamperes of current are allowed to flow for about five minutes.

These applications may also be repeated three times a week, in

conjunction with the treatment of the cord.

Three courses of six weeks each, treatment being applied every

second day, with an interval of six weeks between each course,

should do all that can be expected from such treatment. Later,

single symptoms may at any time require renewed electric treat-

ment. It will be found that the pains of tabes, as well as the various

paralgesias and paresthesias, are frequently relieved by the later

applications. For the relief of an attack of lancinating fain, the

sinusoidal current applied to the parts affected will often be of great

31
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value. The ataxia itself, whenever, developed is, we are sure, never

influenced by any method of electric treatment. Of the disorders

in the function of the bladder and rectum, the same may be said

as of the analogous disturbances occuring in myelitis. An attack

of gastric crisis may, like an attack of lancinating pain, often be

curtailed by means of the sinusoidal current. The optic atrophy of

tabes can in no case be arrested in its progression by electric treat-

ment, and the possibility of being accused of having, by such treat-

ment, produced an increase of the visual disorder, should make us

very chary of its use in the treatment of this symptom.

Friedreich's Disease.

The hereditary ataxia known as Friedreich's disease has time

and again been treated by means of electricity. But the only form

of treatment that seems to be of any avail is the labile galvanization

of the medullas. For this purpose two hemi-cylindrical electrodes

attached to the kathode are fastened under the thighs, the positive

pole is connected with the galvanic roller and the application is

made along the cervical vertebrae, using about ten to fifteen milliam-

peres of current. The applications may be repeated three times

weekly and the course of treatment must be more or less protracted.

The object of this form of treatment is to stimulate the entrance

of the trophic cells, and if the slightest response to the treatment is

manifested, then it should be continued.

Syringomyelia.

The spinal lesion which is characterized by dissociation of the

sensibilities, motor atrophies and trophic changes known as syringo-

myelia, may be treated electrically in order to modify the nutrition

of the cord. Galvanization is used for this purpose. The same

procedure that is employed in spinal paralysis may be followed here.

If the muscular atrophies are much in evidence, then rhythmic

faradization of the antagonistic may be used. Three sessions weekly

should be instituted and the treatment should be protracted with

occasional intermissions at the intervals of every month or six weeks.

The results are not promising, at the same time, if any improvement

is noted, the treatment should be vigorously pushed.

Migraine.

Under the term migraine, we refer only to that genuine form

which is characterized by a distinct zone of pain on one side of the
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head and which usually follows the course of the fifth nerve, asso-

ciated with vertigo or nausea. The treatment of this condition

may be often successfully carried out by means of the franklinic or

the high frequency currents. When the static machine is used, the

patient is placed upon the insulated stool and connected with the

positive pole of the machine. The Truchot spider is suspended

over the head and connected with the negative pole. The duration

of such a session may last for twenty-five or thirty minutes. If

the high frequency current is used, a preliminary session of auto-

condensation, lasting about five minutes, is instituted. This is fol-

lowed either by a local application of the effiuve over the painful

area, or the large solenoid may be slipped over the patient's head

and connected in the usual manner. A current of an intensity of

two hundred to five hundred milliamperes is allowed to flow for

from twelve to fifteen minutes. Both methods at times give relief,

but better results are seen from the use of the static current than

from the use of the high frequency current. In both instances

relapses are apt to occur and treatment should be repeated.

Zoster.

The painful affection of the nerve ganglion, complicating a neu-

ritis, known as zoster, is amenable to treatment by electricity.

Galvanization of the affected area is the first procedure to use. The

kathode is connected with the large indifferent electrode which is

placed over the cord at a level of the exit to the affected nerve root.

The anode is connected with the small pad electrode and placed

over the seat of greatest pain. Low intensities of from ten to fifteen

milliamperes are used for from twenty to twenty-five minutes.

Daily or tri-weekly sessions should be instituted.

If this form of treatment is unsatisfactory, good results may be

obtained by means of the high frequency effiuve. The efHuve is

directed to the skin over the seat of greatest pain. In some cases

it is advisable to combine the galvanic and high frequency treatment

by alternating the daily applications of each. The results as far

as the relief of pain are concerned are generally good.



CHAPTER V

DISEASES OF THE GENERAL NERVOUS SYSTEM WITHOUT
KNOWN ANATOMIC BASIS

Chorea Minor. Paralysis Agitans. Exophthalmic Goiter. Vasomotor

Ataxia. Hysteria. Neurasthenia.

Chorea Minor.

Since very many years electricity has been advocated time and

time again in the treatment of chorea, and the results thereby

obtained by some are said to be favorable; our own experience has

been such as to warrant us in saying that better results can be ob-

tained in nearly all cases of chorea minor by some other means

—

e.g., medicinal treatment or rest in bed with ice applications to the

spine. Single cases will, however, always be encountered that do

not yield to any of the foregoing methods, and in these electricity,

in view of the beneficial results claimed by authors, will merit a trial.

Much has been claimed for the static spark and the static

breeze applied to the spine and this method is advocated by Jones.

Others prefer central galvanization, and lately the high frequency

effluve has also been used. It seems to us that the faradic current

and the galvanic interruptions should always be avoided, and the

only permissible use of the galvanic current is through central or sub-

aural galvanization. We much prefer the auto-condensation of

the high frequency currents, followed by the effluve, especially if

the chorea is accompanied by disorders of nutrition. In those cases

of chorea that are left with weakened muscles, these may be treated

the same as in any peripheral paralysis.

Paralysis Agitans.

The electric treatment of this disease, galvanic or static, occupies

the same place as treatment of other nature. Various writers have

recommended this or that electric method as palliative of certain

symptoms and even as curative of the disease, but every consci-

entious observer who follows these recommendations must arrive

at the conclusion that all forms and methods of electric treatment,

484
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whether used in recent or in advanced cases, are useful mostly for

their psychic effect. In this way hydro-electric baths often bring

about temporary relief of certain minor symptoms.

Much is said in favor of the beneficial influence of the high

frequency currents, and we must admit that patients, after an appli-

cation of auto-condensation, generally claim to feel a noticeable

improvement in the muscular stiffness as well as a feeling of general

well being. This, again, may be a psychic improvement but it

is possible that the thermal action of the high frequency currents

may act beneficially on the intrinsic muscle fibers and for this reason

we still persist in this form of electrotherapy.

Exophthalmic Goiter.

This is one of the neuroses in which galvanism is undoubtedly

of great benefit. That the affection is ever arrested in its course

or entirely cured by the use of electricity alone is improbable, but

that single symptoms often disappear and that the entire condition

of the patient is improved under such treatment is quite generally

acknowledged. The method usually advocated is that of subdural

galvanization. In many instances a lowering of the pulse-rate

of from fifteen to twenty beats a minute may be obtained by each

application, and in exceptional instances even a decrease in the size

of the thyroid gland may be noted. Unfortunately, these effects are

usually transient, but this does not imply that permanent effects may
not be produced by repeated applications. Many other methods

have been recommended, and it is certainly difficult, from the vari-

ous descriptions, to decide which is the best. These methods, differ-

ing according to the views held of the pathogeny of the disease, are

:

subaural galvanization, galvanization of the medulla oblongata (two

well-moistened electrodes of medium size being placed upon each

mastoid process), and stabile galvanization of the goiter.

It is well, however, to have a definite form of treatment in cases

of exophthalmic goiter and of all the methods, the one employed

by Vigouroux is the most systematic and therefore the most de-

sirable. In this method a faradic quantitative current is applied

locally at four different points.

First the eyeballs are faradized by placing a large indifferent

electrode which is connected with one pole, on the back, and a small

padded active electrode connected with the negative pole, over the



486 DISEASES OF THE GENERAL NERVOUS SYSTEM

motor point of the orbicularis palpebrarum. The current should be

derived from a coil of coarse wire, and tjie intensity should be sufficient

to 'provoke muscular contractions. After one or two minutes the

active electrode is slowly passed over the closed upper lids. Follow-

ing this the superior trochlear and the facial nerves are faradized and
care should be taken to avoid all irritable points. Particular atten-

tion should be given to the superior orbital and infraorbital nerves.

Faradization at these points is supposed to excite the great oblique

muscles.

The second stage should consist of the faradization of the sympa-
thetic or the superior cervical ganglia. For this purpose the elec-

trode is used alternately at a point on each side of the neck between

the thyroid and the anterior border of sternomastoid muscle. As
a better guide, one can use the visible pulsation of the carotid artery.

It is often difficult to get a proper contact of the electrode at this

point, but care should be taken that the electrode be in a proper posi-

tion. This application should be continued for from one to two months
and a sufficient strength of current should be used to cause a contrac-

tion of the platysma muscle.

In the third stage, the thyroid itself is faradized by placing an

active electrode over the entire goiter. In this instance the electrode

should be large enough to cover the entire goiter and therefore in some

cases it is necessary that the electrode should be hemi-cylindrical in

shape. The current should be strong enough to cause a slightly dis-

agreeable sensation and the course of treatment should be from one to

three months.

The fourth and final stage consists in faradizing the precordium.

An electrode of about twenty square centimeters should be placed

about two fingers' breadth to the left of the sternum, at the level of

of the third intercostal space. The current should be sufficiently

« strong to contract the pectoral muscle and the active electrode should

be connected with the positive pole, thereby reversing the method

of the three preceding applications.

Some modifications of Vigouroux's method have been recently

made by substituting galvanization for faradization.

In our experience two principles should form the basis of treat-

ment—namely, the use of weak currents and their very frequent

application. The frequency of the applications (several times a

day) necessitates self-adminislration by patients, and the plan rec-
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ommended by Carden answers all requirements. The galvanic

current alone is to be used; the current strength not to exceed two

milliamperes , and each application to last for from five to ten minutes.

"The anode is to be placed on the nape of the neck, the center

of its lower border corresponding to the seventh cervical spinous

process, and to be firmly held in /that position during the application.

The kathode should be moved up and down the side of the neck

from the mastoid process along the course of the great occipital

nerve." A battery containing a sufficient number of dry or wet

cells-

—

i.e., of sufficient voltage to give the desired current (the re-

sistance of the skin and the electrodes of course being considered)

—together with electrodes of a fixed diameter, may be given to the

patient with the necessary instructions. Selector, rheostat, and gal-

vanometer are unnecessary, as the current can not exceed the desired

strength, and, with attention to details (wetting the electrodes, etc.),

can fall but little below it. According to the voltage of the cell

used, and assuming the resistance of the parts to which the current

is to be applied, when thoroughly moistened, to be from 2000 to 3000

ohms, from three to six cells will be required. The physician him-

self should, of course, inspect the battery and control the treatment

at regular intervals. The local treatment of the struma or exoph-

thalmos, by either galvanic or static currents, is irrational and not

productive of favorable result. Everything should be done to im-

prove the general nutrition of the patient, and this in view, general

faradization, galvano-faradization or auto-condensation is often of

value.

Graves' disease frequently occurs in aberrant or undeveloped

forms. Goiter, exophthalmos, or tachycardia may be absent, or,

indeed, none of the cardinal symptoms be well defined. These

formes frustes may or may not present the other and less important

phenomena, such as tremor, etc. They are almost indistinguishable,

in many instances, from cases of neurasthenia. They will do well

if treated according to the methods laid down under the latter head-

ing. S. Solis Cohen has grouped these and other forms of cardio-

vascular neuroses under the name of vasomotor ataxia, which he

divides into a spastic and a paretic group. The cases under

consideration belong chiefly to the paretic group. He has seen

benefit from central galvanization and from both galvanic and

faradic stimulation.
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Hysteria.

Functional disorders of the nervous system constituting the greater

part of all cases treated by means of electricity, it is but natural

that a large number of successes should here be met with, suc-

cesses so great in number and so marked in extent that they might

fittingly serve as proof of the specific therapeutic efficacy of electric

treatment, were it not for the fact that precisely the same successes

are also obtained in the same class of cases by other means of treat-

ment. If, however, we analyze these successes more carefully, we
find that in hysteria, at any rate, the disease itself has not been cured.

Its manifestations have at most been suppressed for a time, more or

less long, or the most striking symptom, the one that apparently

constitutes the entire disease, has been removed; the affection itself,

however, finding an outlet in a different channel. Whenever such

a symptomatic cure has been affected by means of electricity alone,

the cure is due to suggestion and not to the electric current, and

whenever an entire or approximate cure of the disease itself has

been brought about, this has been done, not by means of electricity

alone, but through a judicious employment of a combination of

psychic and physical remedies.

It will thus be seen that our object may be twofold, the one part

being the removal of a certain symptom, the other, the cure of the

disease itself. It is the former that most concerns us here.

Herein the suggestive therapeusis is certainly of prime impor-

tance, and any method of treatment that will serve as a carrier of

such suggestion may be of benefit. It has already been stated that

in electricity the physician has one of the most efficient carriers of

suggestion, and of its various forms, those that convey the greater

sensory impression, the faradic and the static are usually to be pre-

ferred. The high frequency current in its various forms of appli-

cation may also be used to produce a psychic effect. Any of the various

methods of application may be found of suggestive value, especially

in that class of patients that have already been treated with some

of the other forms of electricity.

The high frequency currents are often more efficient because the

application can be made painless or painful in accordance with the de-

sire of operator and will, therefore, often be susceptible of producing

psychic effects that may be wanting in other forms of electricity.

Yet in certain states the galvanic current, particularly when applied
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to the head, is a potent producer of psychic effect. In our choice

of the form of current to be used we should be governed by the fact

that in the use of all psychotherapic measures it is not the remedy

that helps, but the physician who does so; and thus of two physi-

cians who may treat a certain patient by precisely the same

methods and apparently in the same manner, the first may fail to

effect a cure, while the other afterward succeeds easily. Psycho-

logic knowledge, tact, and resourcefulness are here the keys to

success.

But electricity may also be employed in the treatment of hysteria

for its direct physical effects. Thus, as part and parcel of the rest

cure, or whenever it is deemed necessary to increase nutrition and

to promote assimilation, general electrization will be found of value.

Here what we desire to produce is the direct mechanical action

upon the muscles, as well as the direct stimulating effects on sensory

nerves, and the indirect action upon the central nervous system,

all of which can best be accomplished by the use of the faradic

current.

Of the electric treatment of certain frequently encountered symp-

toms, the following may be said:

All emotional attacks, such as spasmodic laughter and sobbing,

fear, fright, anger, etc., whether dependent upon hallucinations or

not, are best treated by some means other than electricity.

Hysterical Aphonia.

The success in the treatment of hysterical aphonia is not difficult

and the condition often resolves itself after a single application as

if by magic. The plan of treatment must be regulated to suit the

individual case and may vary from simple faradization of the larynx

to even an introduction of a laryngeal electrode and the faradization

of the vocal cords themselves. Most cases will respond to a single

painful application of the faradic brush over the skin covering the

larynx. In some cases the static spark or the high frequency spark

similarly applied may be of value.

In all cases of hysterical aphonia, the treatment should be con-

tinued after the aphonia disappears, because in this way relapse

may often be avoided.

Another distressing symptom that often appears in hysterical

aphonia is an esophagism, and this condition may become so serious
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that the general nutrition of the patient will suffer in consequence.

Simple applications of the faradic brush over the anterior surface

of the neck with instruction that the patient swallow, often suffices

to overcome the spasm.

In old and persistent cases galvanization of the pneumogastric

may be resorted to but in some cases it may even be necessary to

insert an esophageal bougie as an active electrode.

Hysteric mutism, termed by J. Solis Cohen apsithyria, should be

distinctly differentiated from the foregoing, for while the^bne is

beneficially influenced by vigorous and harsh methods, the other

can be cured only by mild and gentle ones. Here, then, will be in-

dicated the galvanic current, applied both externally and by means of

suitable electrodes to the vocal bands, and combined with suggestive

vocalization. As improvement takes place and phonation is pro-

duced, mild faradic currents may be added or substituted.

Paralyses, contractures, neuralgias, hyperesthesias, and anesthesias

should be treated according to the principles already given for the

application of electricity in such disorders.

When faradization is used either the monopolar or bipolar method

is available. The current must be strong enough to cause an ener-

getic contraction of the muscle and each muscle must be treated

individually as a part of the discipline of reeducation. At various

intervals the current application may be discontinued and the pa-

tient instructed to try to make voluntary contractions. If this is

not successful the application is repeated with a stronger current.

If a partial return of muscular function is evidenced, then the current

may be reduced and the subject is instructed to supplement an

electrical application by the use of will power. In this manner after

a series of short sessions, the patient gradually substitutes the volun-

tary contractions for those which are elicited by the current.

Hysterical contractures are much more difficult to handle than

hysterical paralyses. The principle, however, is the use of faradism

on the antagonists. If, for example, there is a contracture of the

flexors of the hand so that the hand is held tightly clinched into a

fist, the extensors must be faradized with a current sufficiently strong

to cause a relaxation of the flexors and thereby the hand is opened.

In each individual case, however, the operator's ingenuity is called

into play.
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Neurasthenia.

Neurasthenia is a well-defined condition with obscure causes.

It occurs most often in the intellectual and is frequently associated

with other conditions, such as arthritism, gastric stasis, enteroptosis,

and a general tissue relaxation. The salient symptoms must be

borne in mind and it is well to remember that those which are most

complained of, are conditions described as insomnia, headaches,

failure of mental processes, psychic depression, ocular troubles,

indefinite and wandering pains, tachycardia, vasomotor disturbances

and sexual disorder.

Of all diseases of the nervous system, this is the one in which

physical methods of treatment alone deserve prime consideration.

Of these physical remedies, none plays a more important part than

electricity, whether it be used in conjunction with rest, feeding,

massage, and hydrotherapy, or employed by itself. In either case

general electrization is to be used and strong currents are to be

avoided; moderate stimulation of the peripheral nerves being all

that is necessary. The electric treatment of neurasthenics should

always be a circumspect one, as the symptoms of cerebral and spinal

irritation are not infrequently aggravated by the employment of

strong currents; so, also, should each single application be of brief

duration (Jive to ten minutes) when treatment is first begun, and as

the patients become accustomed to its use, the time may be increased.

The length of a course of treatment should be no more than six

weeks, and any attempt to prolong the treatment beyond this time

will not only cause no further improvement, but may frequently

undo that which has already been accomplished.

After an interval of six weeks another six weeks' course of treat-

ment may be of benefit. The use of hydro-electric baths as a con-

venient form of general faradization should not be forgotten. So

also will general franklinization, and auto-condensation, be found

almost invaluable. We should consider it a hardship to be obliged

to treat many neurasthenics, were we debarred from the use of the

static or the high frequency machine.

Besides the electrostatic bath, the localized static breeze and

spray, or high frequency effluve and sparks applied to single parts,

especially to the head and spine, will be found useful. It must be

borne in mind, however, that neurasthenia is often associated with

a low blood pressure and for this reason application of high frequency
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should be limited to the use of the effluve and the spark. If, on

the other hand the blood pressure be normal or high then auto-

condensation may be freely used.

Many symptoms of neurasthenia are temporarily benefited by

cephalic galvanization. The varied head symptoms, consisting of

pressure, paresthesias of all kinds, dizziness, and noises in the ears,

should be treated by means of longitudinal stabile galvanization, with

a current strength of from two to three milliamperes, for two or

three minutes, or by means of subaural galvanization. The feelings

of fatigue and pain in the back and extremities are best treated by
means of stabile spinal galvanization. Both of these sets of symp-

toms are also beneficially influenced by the static breeze or spray.

In this connection it is proper to mention the good effects frequently

produced by the application of the head breeze in neurasthenic in-

somnia. We have known this form of sleeplessness thus to be

relieved when all other remedies and all other forms of electric appli-

cation have failed. While, as a rule, it is better to make such

applications at bedtime, yet, strange to say, in such patients the

application produces sleep during the night, no matter at what time

of day it has been applied. This action must, of course, be a sug-

gestive one.

The functional impotence of neurasthenics may be treated by

means of franklinization of the spine, or galvanization of the lumbar

region of the spine, or faradization of the genitals and surrounding

parts. We have been able to obtain so much better results through

other means (hydrotherapy, cold water, sounds, etc.) that we now
but rarely make use of electricity in any form in the treatment of

this symptom.

Malherbe has devised a method for exciting the so-called genital

points in the nasal fossae. His method consists of placing a large

indifferent positive electrode on the nape of the neck and using a

blunt platinum needle attached to the negative pole. This needle

is applied successively at the level of the anterior inferior border of

the lower turbinate bone, to the tubercle of the septum and at the

anterior portion of the middle turbinate. When the needle is in

position an intensity of from four to five milliamperes is thrown into

the circuit and allowed to flow for from three to four seconds. The
needle is then moved to the other points mentioned and the process
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repeated. Care should be taken to avoid all caustic action. The

applications may be repeated for four or five days.

Tremor, symtomatic of a functionally exhausted state of the

muscles, as frequently encountered in neurasthenics after slight

exertion, may usually be relieved by the employment of galvanic or

sinusoidal currents.

Persistent vomiting is not an unusual symptom of this disease

of multiplex manifestations, and may very often be checked by the

application of a weak galvanic current (two to three milliamperes)

for a comparatively long period (thirty minutes)] the kathode being

placed over the lower cervical vertebrae and the anode upon the

xiphoid process.

Vasomotor and secretory disorders, such as localized blushing

or paling, local asphyxia, erythromelalgic states, transitory localized

edema, hyperhidrosis, etc., while often symptomatic of organic dis-

ease, or apparently occurring by themselves and constituting the

entire malady, not infrequently are but part of an evident neuras-

thenia. When such is the case, subaural galvanization, labile galvani-

zation over the spine, and, in the acroparesthesias, faradic brushing

of the extremities, may often be employed with benefit.



CHAPTER VI

ELECTRIC TREATMENT IN DISEASES OF THE ARTICULAR
AND OSSEOUS SYSTEMS

Acute Articular Rheumatism. Ankyloses and Periarticular Infiltra-

tions. Hydroarthrosis. Scoliosis.

Articular Rheumatism.

The painful swellings around the joints which are associated with

articular rheumatism, are mostly amenable to treatment by elec-

tricity. It seems that the site of selection for the joints most

affected in this condition, is the knees. It is now generally conceded

that these joint conditions are best treated by means of ionic trans-

portation, but in order to facilitate the entrance of the ion, it is well

to precede the ionic treatment by means of an application of simple

galvanization. For this purpose the electrodes used consist of large

sponges of from two to three hundred square centimeters in area,

and the negative electrode is placed on the back while the positive

electrode is placed over the affected joint. The intensity of the

current is gradually increased until it attains forty to sixty milliam-

peres and then this strength of current is allowed to flow from fifteen

to twenty-five minutes. After this the bath electrode may be sub-

stituted. The painful joint is immersed in the bath, into which the

carbon electrode has been placed and which is attached to the posi-

tive pole of the battery. The electrolyte used may be either lithium

chloride or sodium salicylate, depending upon whether the medica-

tion is to be the lithium or the salicylate ion. The solution for

the Uthium bath is made by dissolving twenty grams of lithium

chloride, together with five decigrams of Uthium hydrate in one

thousand cubic centimeters of distilled water. The salicylate bath

is prepared by adding ten grams of salicylate of soda in one thousand

cubic centimeters of distilled water.

When the Uthium bath is used, the lithium ion acts the same as

is described under gout. The action of the salicylate bath, however,

is somewhat different. In this case it is the acid radical which we
494
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are trying to substitute for the acid radical of the inflammatory

deposit in the joint, and for this reason the poles must be reversed.

The indifferent electrode is, therefore, connected with the positive

pole and the negative pole is connected with the carbon electrode

in the bath. The salicylate ion then penetrates the tissues and the

result accomplished is the same as if it was borne to the joints by

circulation. And in connection with this, it is well to say that the

salicylate medication should be used only where salicylic acid and

its salts are badly borne by the stomach.

In very severe cases applications should be given daily, but in

subacute and chronic cases, every second day should suffice. The

treatment should be continued until recovery. The results reported

are good.

Ankyloses and Periarticular Infiltrations.

Most of the work done in connection with ankyloses and periar-

ticular infiltrations has been accomplished by Walker Gwyer. His

treatment of this condition is really a form of ionic medication and

for this purpose either bath or sponge electrodes are used with the

galvanic current. Gwyer, himself, uses the large electrodes that

could be readily adjusted to conform to the shape of the joints and

these electrodes are impregnated with a solution of ammonium chlo-

rate. The aim of the treatment is to dissolve the adhesions that

form the ankyloses and thus loosen the joint.

Currents of high frequency are also used and the sessions may
last about thirty minutes.

Leduc has substituted kathodic compresses inpregnated with an

ordinary sodium chloride solution, and has used intensities as high

as one hundred milliamperes for a period of forty minutes and thus

has produced an electrolysis of the ankylosis after several sessions.

One must guard against scars of the skin as rather high intensities

are used in this form of treatment and the skin is apt to become

macerated and blistered. The skin, therefore, should be carefully

watched and the electrodes removed several times during the session.

The sessions may be repeated three times a week.

Hydrarthrosis.

The joints themselves, as well as the tissues surrounding them are

often the seat of serous effusions, and this condition is known as

hydrarthrosis. These conditions can be benefited by the use of
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galvanization. Currents of high intensity must, however, be used.

For this reason large electrodes of not less than one hundred and

fifty square centimeters should be used and should be so applied,

that the lines of fluxion of the current shall pass through the serous

effusion. The negative pole should be attached to the electrode

which is nearest to the articulation and the positive pole to the

electrode over the effusion. From sixty to one hundred milliamperes

of current should be used and the duration of application must

depend upon the toleration of the skin. At any indication that the

skin is becoming burnt, the application must cease. If possible,

each session should last about twenty minutes and may be repeated

about three times a week.

It will be found that on account of the high intensity of current

used, the resistance of the skin will be appreciably decreased from

one session to the next. The treatment is continued until the

serosity is gradually absorbed.

Scoliosis.

Little is known of the actual nature of a lateral curvature of the

spine. The electrical examination of the muscles of the vertebral

grooves upon the convex side of the curvature, shows them to be

normal. Leduc has shown by the close examination of young scoli-

otics, that on the side of the concavity of the curvature there is a

marked atrophy of the thoracic muscles. On this side also, the

respiratory movements are less ample and the muscles are more or

less atrophied. Skiagraphic examinations also show an arrest of

the growth on this side probably due to some malady of childhood.

The bone suffers as well as the muscles as far as their growth is con-

cerned, and among the various lesions found, adhesions of the pleura

are demonstrated and these have been considered by some to be the

primary cause. It is in attacking these pleuritic adhesions that

electricity is of avail and the first step to overcome them is by means

of electrolytic action of the galvanic current. For this purpose a

large hemi-cylindrical electrode of an area of four hundred to five

hundred square centimeters is wrapped around the concave side of the

thorax. This electrode is impregnated with a hot solution of sodium

chloride and water in proportion of fifteen to a thousand. The

electrode is then connected with the negative pole of the galvanic

source; A foot bath serves as the positive electrode. The intensity



scoliosis 497

should be raised to about one hundred milliamperes and allowed to

flow for an hour. Two sessions a week may be kept up for long

periods, with occasional intermissions of a few weeks, after two and

a half to three months' treatment.

Some authors have used other forms of electricity for the treat-

ment of scoliosis but all other treatment is symptomatic. The best

of these has been devised by Bergonie. His idea to overcome the

curvature is based on the fact that if the sound muscles on the convex

side of the curvature be strengthened sufficiently, they can, of their

own accord, draw the skeleton into a more natural straight line and

thus the spinal column will be held erect. For this purpose one

must assure himself that the muscles on the convex side of the

scoliosis have a normal electrical reaction and respond to faradic

excitation. The faradic current derived from a coil of medium
wire, whose ratio is about one to four with the primary coil, is used.

The trembler causes from seventy to eighty interruptions per second

and the metronome is thrown into the circuit so as to interrupt the

induced current twenty to thirty times a minute. The electrodes

are then applied on the convex side of the spine and the current

regulated to such an intensity that prompt contractions of the mus-

cles take place. The rhythmic contractions caused by the rhythmic

interruptions of the metronome are not unpleasant to the subject

and can be carried on for at least a half hour at each session and should

be instituted daily at the beginning of the treatment. After the

spine becomes more erect the treatment may be given at greater

intervals of from two or three a day. This treatment, however,

should always be accompanied by other forms of treatment tending

to correct the curvature, Good results have been reported and as

the improvement progresses the breathing of the subject also im-

proves. The greater the energy with which this form of treatment

is pursued, the better are the results. All results should be Con-

trolled by repeated skiagraphic examinations.



CHAPTER VII

ELECTRIC TREATMENT OF DISEASES OF THE ALIMEN-
TARY CANAL

Paralysis of Velum Palati. Esophagism. Stricture of the Esophagus.

Dilatation of the Stomach. Neuromotor Dyspepsia. Nervous Vomit-

ing. Intestinal Obstruction. Postoperative Paralysis of the Intestine.

Constipation. Mucomembranous Colitis. Paralysis of the Sphincter

Ani. Fissure of Anus. Sphincteralgia. Pruritus Ani. Hemorrhoids.

Paralysis of the Velum Palati.

Paralysis of the velum palati may be either of central or periph-

eral origin. If it is due to a central lesion, electrotherapy is of

little value. On the contrary, if it is caused by a peripheral lesion,

electricity may be used with good results. The most common form

of involvement of the velum palati is due to a toxic or postdiphther-

itic paralysis. The differential diagnosis may be established by
means of the electric examination. If the paralysis is of central origin

there will be no reaction of degeneration and little or no alteration in

faradic excitability. If, however, it be a peripheral paralysis, there

will be either a reduction of faradic excitability or a reaction of

degeneration, depending upon the severity of the paralysis.

In order to make the examination, a large indifferent electrode

is placed on the back of the neck and the examining electrode is

applied to the palate, the uvula, or the pillars of the fauces. For

this purpose the examining electrode consists of a small olive pad,

covered first with a little absorbent cotton and then with one or two

thicknesses of cheesecloth securely fastened. This pad is mounted

on a long rod, and is attached to the interrupting handle, so that it

can be easily inserted into the mouth. To facilitate the introduction

of the electrode, a piece of rubber should be placed between the molars

so as to keep the teeth apart and to prevent the the handle of the

electrode from coming into contact with them. With an illuminating

lamp the effects of the current may then be observed. After the

well-moistened electrode has been placed in the mouth, the velum,

498
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uvula and the pillars of the fauces are successively examined and

their excitability noted. The ordinary rules for the treatment

of any peripheral paralysis are now followed. If faradic excita-

bility still persists, faradism is used, while, if the muscles do not

react to the faradic current a combined current, or in extreme

cases, a galvanic current may be employed. Under no circumstances

should more than five to seven milliamperes of current be used.

It is important, likewise, that the strictest asepsis must be main-

tained throughout the application.

The treatment may be continued for four or five minutes at

each application. The applications may be given daily but the

time between each application should not be extended more than

two days.

Affections of the Esophagus.

The affections of the esophagus may be divided into two classes

:

functional conditions and organic conditions.

Esophagism.

The most common functional affection of the esophagus is the

Condition known as esophagism. This is a symptom which appears

not only in hysteria but also in neurasthenic and hypochondriac

states. The treatment of this condition is suggestive and can be ap-

proached in two ways. It may be approached indirectly by galvan-

ism of the pneumogastric nerve (q.v.). Or it may be approached

directly, either by faradization or galvanization within the gullet.

Faradization.

A medium-sized metallic olive, attached to a flexible insulated

wire is used as the exciting electrode. The indifferent electrode

is placed on some muscular part of the body such as the pectoral

muscles. The olive is then inserted into the gullet and allowed to

descend into the esophagus until it meets with the resistance of the

contracture. Here it is firmly held in place and the tension current

is turned on to a sufficient strength as to cause contractions Of the

muscles under the indifferent electrodes. This will require a current

of considerable intensity and the olive should be left in place as long

as the subject can tolerate it, but under no condition for more than

a minute. The current should then gradually be reduced to zero.

This may be repeated after an interval of a few minutes; at the same
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time, in most cases, if any effect is to be accomplished the spasm will

be relieved after the first application. If more than one application

must be made the whole procedure should not last longer than ten

to twelve minutes. If a beneficial effect is derived after the first session,

then the procedure may be repeated after an interval of a day or two

if the spasm reappears.

Faradization of the esophagus is not attended by dangerous or

untoward symptoms and, therefore, may be used freely. But when
faradization is ineffectual, galvanization may be used.

Galvanization.

Galvanization is generally more effective than faradization, but

one must be careful, as Bordier points out, not to use a current suffi-

ciently strong to cause the formation of a cicatrix.

The electrodes for galvanization are the same as those used in

faradization with the exception that the olive which is employed,

should previously be covered first with a layer of absorbent cotton

and over this one or two thicknesses of gauze should be attached.

The indifferent electrode should be large and cover an area not less

than one hundred and fifty square centimeters. It should be placed

on an indifferent part of the body, such as the back or over the

sternum. After the electrodes are in position, a galvanic current of

the intensity of from five to eight milliamperes should be allowed to flow

from ten to fifteen minutes. Under no circumstances should more

than ten milliamperes of current be used, and if the duration is longer

than the patient can bear, the application may be divided by reduc-

ing the current, at intervals of from one to two minutes, so as to give

a rest in between the current flow. Even when the current is not

flowing all the time, the session should not last longer than fifteen

minutes.

Stricture of the Esophagus.

The strictures of the esophagus which are most amenable to

electric treatment are those that are caused by the swallowing of

caustic substances. In these conditions the galvanic current only

is used and we rely upon its electrolytic action for beneficial results.

The same form of electrodes as described in the preceding section

(q.v.) are used. The subject is seated in an arm chair with his head

thrown well back. After the indifferent electrode is placed upon

the sternum, the olive is inserted after the manner of a stomach tube
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until it reaches the stricture. The current is allowed to flow and is

gradually raised to an intensity of from five to six milliamperes.

This is continued for two or three minutes, and the current gradually

shut off. The application may be repeated several times but the

session should not last longer than ten or fifteen minutes. This ap-

plication should not be repeated oftener than once a week. Special

electrodes for this purpose have been devised. The one that gives

the best results is that designed by Bordier, and is known as the

electrolytic bougie. The results reported are excellent.

Dilatation of the Stomach.

Dilatation of the stomach is generally due to a myasthenic con-

dition of its walls, and it may be caused by a chronic distension of

the stomach itself, or be due to constitutional weakness, or accompany

a general neurasthenia.

The main symptoms are a sense of weight in the epigastrium,

a bloating after meals and a regurgitation of food during the digest-

ive period. In order to note the progress of the condition of the

stomach while undergoing a course of treatment, radiographic obser-

vations have been made, and in this way one can better determine

the progress that is being achieved.

Two methods are used for treating this condition electrotherapeu-

tically. The one is by means of galvano-faradic current and the

other is by means of the Hertzian franklinization. When using the

galvano-faradic current, two large flat electrodes are used. The
larger, which should have an area of about three hundred and fifty

square centimeters, is placed over the loins, and the smaller, of an

area of two hundred and fifty square centimeters, is placed immedi-

ately over the stomach. The positive pole is attached to the larger

electrode. The wire of the faradic coil should be of medium or

fine caliber, and slow interruptions should be used. The faradic

current itself should be sufficiently strong to cause slight contractions

of the abdominal muscles. The intensity of the galvanic current

should be of thirty to forty milliamperes. The duration of the

treatment may be from ten to fifteen minutes and should be repeated

every second day. The results from this form of treatment are

slow and should be used only when one cannot use the Hertzian

franklinization. The results obtained by Hertzian franklinization

are much better because, as we have already stated, this form of
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current causes contractions of the smooth muscle tissue of the hollow

viscera. The maximum contraction is obtained when the negative

pole is applied over the stomach.

The subject is placed in a sitting position in an arm chair next

to the static machine, so that the current may be continually drawn

from the condenser. The negative exciter is placed on the skin

directly over the base of the epigastrium and may be held by the

patient himself provided that the electrode have a well-insulated

handle. When the static machine is set in motion, care must be

taken that the balls of the discharger be in close contact. The

exploding distance between them is gradually increased until the

sparks attain a length from ten to fifteen centimeters. Then the

muscles immediately beneath the electrode are seen to contract but

the subject feels no pain. There is, however, a sensation of deep

shock which is caused by the contraction of the walls of the stomach.

Bordier advises that the exciter be applied at three principal points.

The first is located in the median line, two inches above the umbili-

cus; the second is to the left of the median line, two inches away

from and on the level with the umbilicus ; and the third is to the left

just above the anterior spine of the ilium. Care should be taken in

moving the exciter from one point to the other. It should be allowed

to slide along the skin and at no time should the contact be broken.

If the contact is broken, painful sparks will jump between the exciter

and the skin. The entire treatment should last about twenty min-

utes and daily applications should be made for the first two or three

weeks. In from four to eight weeks of this treatment, the stomach

regains its normal dimensions in young individuals. In older indi-

viduals the treatment should not be protracted for a longer period

than two months but after an interval of rest it may again be insti-

tuted. Of course in all conditions of this sort, the underlying

cause must also be simultaneously cared for.

Neuromotor Dyspepsia.

The symptoms of neuromotor dyspepsia resemble those of dila-

tation of the stomach, but the former condition is usually associated

with some functional nervous disorder. Of course in the electric

treatment of neuromotor dyspepsia, the general condition of the

patient must be taken into consideration and treated independently,

as may best be indicated. The main symptoms, belching, vomiting,
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and a regurgitation of food, are amenable to treatment electro-

therapeutically and may be approached in either of three ways.

First, the intrastomachic electrization with the galvanic or far-

adic current may be employed; second, treatment by static elec-

tricity may be used in conditions which are associated with a low

blood pressure; and third, the high frequency current can be used

where the arterial pressure is increased.

Galvanic and Faradic Currents.

The best method for intrastomachic electrization is that which

has been recommended by Einhorn. Either the galvanic or faradic

current may be used, but where there is a hypersecretion of gastric

juices, the faradic is preferable. In either instance the same elec-

trodes are used. These consist of the carbon olive, surrounded by
ebonite, and which is passed into the stomach in the same manner

as a stomach tube, and the roller electrode, which is applied externally
#

Faradization.

For faradic treatment a coil of fine wire with medium interrup-

tions is chosen. One pole is connected with the electrode which

lies in the stomach, and the other pole is connected with the roller.

The roller is then moved slowly over the entire epigastrium, and over

the skin covering the last ribs on the left side. The current used

should be strong enough to cause energetic contractions of the mus-

cles of the abdominal wall. The duration of a treatment should

be from ten to fifteen minutes.

Galvanization.

Galvanization is carried out in a manner similar to faradization

and is attended by success especially when the symptoms are ac-

compained by persistent gastralgias. Here it is essential to use the

carbon electrode because this avoids any dangerous electrolysis.

The electrode within the stomach is connected with the negative

pole, and the positive pole is attached to the roller. A current of

medium intensity is used and should not be stronger than from

fifteen to twenty milliamperes. Galvanization is not so well borne

by the subject as is faradization, and, therefore, the duration of the

application should not last longer than ten minutes. After the ap-

plication difficulty will sometimes be found in the removal of the

stomach electrode. In order to overcome this, Bordier has sug-
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gested that while light traction is being made the subject be in-

structed to make swallowing movements. In this way the electrode

can easily be removed. The treatment should be maintained until

there is considerable amelioration in the most urgent symptoms,

which generally occurs in from four to five weeks. The results

reported are very satisfactory.

Nervous Vomiting.

Nervous vomiting is generally associated with either hysteria or

pregnancy. In both conditions the electric treatment is the same,

but if it is associated with hysteria, general measures for the treat-

ment of the constitutional disorder should not be overlooked. For

the nervous, and excessive vomiting of pregnancy, electric treatment

has been adapted in those severe cases where it might be necessary

to interfere with gestation. Bordier believes that the majority of

the most obstinate cases can be relieved by electric treatment and

Nogier maintains that much infant life can be saved thereby. The

method of procedure may be termed galvanization of the pneumo-

gastric neroe.

The electrodes used consist of a large indifferent electrode, and

of two small circular pads of from two to three centimeters in di-

ameter, which are joined together. The circular pads are placed on

the neck over the pneumogastric nerve and behind the lower angle

of the sternocleidomastoid muscle, and are connected with the

negative pole. The large and indifferent electrode is placed over

the pit of the stomach and attached to the positive pole. When
everything is in readiness the patient is seated in an arm chair, the

electrode placed as described and from five to six milliamperes of

current are allowed to flow for about five minutes. After the current

has been flowing for five minutes some article of food, which ordinarily

would provoke vomiting is given to the subject to swallow. During

this time the operator's hand must be on the handle of the rheostat

ready to increase the current rapidly. At the slightest sign that

regurgitation is about to take place, the operator must immediately

raise the intensity of the current to twenty, thirty, or forty milli-

amperes and keep it there until the nausea disappears; then the in-

tensity of the current may be lowered again to five milliamperes.

After an interval of rest this procedure of feeding should be repeated

and at all times must the operator be vigilant to detect any signs of
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regurgitation of food. This may be continued for twenty minutes

and then the current should be reduced to zero, but the electrodes

should not be removed, and while they are still in position, more

food should be given. The entire sitting should not last for

more than forty-five to sixty minutes. In the beginning of the treat-

ment, there may be two sessions daily, but after the first two or

three days, this may be reduced to one sitting and after ten to fifteen

applications, the condition is generally relieved.

In those cases that are associated with hysteria, it may be neces-

sary to increase the current sufficiently to make the treatment

painful and thereby an additional suggestive element is added.

Good results should be attained with proper technique.

Intestinal Obstruction.

Intestinal obstruction may be acute or chronic and various

attempts have been made to treat this condition electrotherapeu-

tically. In acute conditions, however, it is a grave question

whether it is wise to attempt such a form of treatment, because in

doing so valuable time may be lost by not instituting immediate

surgical interference.

In both acute and chronic obstruction, the general condition of

the patient must be taken seriously into consideration and electric

treatment should be avoided in all cases in which the general vitality

is impaired. The object of the treatment is to increase the peristalsis

of the intestine and gradually overcome the obstruction. The

method of procedure is practically summed up, by terming it an

electric enema.

The apparatus used is a combination of an Esmarch douche with

a Boudet rectal sound. The Boudet sound, which consists of a

hollow metal tube, carefully insulated by rubber, may be improvised

in an emergency by joining a small metal tube to a rubber tube

and cutting two openings in the latter, so as to allow the fluid to

escape. The patient is placed on his back and the tube and

sound are introduced together into the rectum for a distance of

about five inches. A liter of cold saline solution is then allowed to

pass into the rectum and lower colon.

The treatment may be better understood, if it is considered

as consisting of three stages. At first about five hundred cubic

centimeters of saline are slowly introduced into the rectum. The
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introduction must be very slow, because any stimulation of the lower

bowel would tend to an expulsion of the water together with the

sound. A large moistened sponge electrode of about three hundred

square centimeters in area is placed on the abdomen. It may be

held in position either by the patient himself or by means of bandages.

Long well-insulated flexible conducting cords are then connected

with the abdominal electrode and the rectal sound ; usually, to begin

with, the negative pole is attached to the abdominal electrode

and the positive pole to the sound. But it makes no difference

whether this rule be adhered to, because in the course of the pro-

cedure the poles will be reversed.

The second stage of the treatment begins by slowly introducing

a current which will gradually attain the intensity of sixty milli-

amperes or even more if it is tolerated. While the current is flow-

ing great care must be taken to note whether any water is expelled.

If any water is lost from the intestine, a little fold of intestinal lining

might come into contact with the exposed metallic end of the sound

and thereby produce a burn. In order to avoid this, water is gradu-

ally introduced until the bowel distends and holds from one

thousand to twelve hundred cubic centimeters. After the current

has been flowing for about five minutes, the third stage of the opera-

tion is entered and now the current is interrupted and reversed.

This interrupting and reversing of the current should occur every

fifteen or twenty seconds. In some patients, however, the shock

of an interruption and reversal of current is too great so that the

procedure must be modified by gradually reducing the current to

zero, then reversing, and again gradually raising the current to

its previous maximum. The entire duration of this electric enema

lasts for fifteen to twenty minutes. It should never be carried

on for a longer time. At the expiration of twenty minutes, the

current is slowly turned off and the sound is withdrawn. If this

procedure is used in acute cases the result ought to be immediate

and no second enema should be attempted unless surgical inter-

vention is impossible. If, however, it is necessary in an acute

condition to use the treatment a second time, an interval of six to

eight hours ought to elapse. In chronic conditions, however, the

enema should be repeated within eight hours and three may be given

in the course of twenty-four hours. In both acute and chronic
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conditions, the efficacy of medicaments should not be waited for

but the electrical treatment should be immediately instituted.

The results of this procedure may be immediate or may be

remote. The operator must not be deceived if at the very outset,

upon the introduction of the current, the subject expresses a desire

for an evacuation of the bowels. No such immediate effect is

possible. It is only at the end of the treatment that a true evacua-

tion can develop. But it is not a matter of discouragement if an

evacuation of the bowels does not take place immediately after the

sound is withdrawn. This occurs at times several hours later and

varies with the individual. It is well, therefore, to Wait at least seven

or eight hours before the second treatment is given. The expulsion

of gas, or a small amount of feces, does not mean necessarily that

the obstruction has been completely overcome. This, however, is a

promising sign but it is necessary to wait until the entire enema has

come away and feces in considerable quantity have come with it.

A warning also must be given in regard to the expulsion of gas.

With faulty technique, a certain amount of air is often forced into

the intestine with the enema. This, therefore, will again be ex-

pelled after the termination of the treatment. In order to draw any

conclusion from the expulsion of gas, it must be noted that the gas

has been expelled in great quantities and of characteristic odor.

Postoperative Paralysis of the Intestine.

Postoperative paralysis of the intestines may be admirably

treated by means of an electric enema. The same method may be

used as has been described under intestinal obstructions but this

condition does not need the same care in handling and, therefore, a

simpler method has been devised.

For this purpose a long rubber rectal tube, open at the end, and

with two large lateral openings, serves for the introduction of the

fluid. Along the sides of the tube there are several large per-

forations which are directed downward or toward the anus. In this

way about two-fifths of the distal end of the tube is perforated so that

no obstruction of fecal matter or mucous folds can interrupt the

passage of current. At the proximal end of the tube is a stop cock

with a connector to attach it to the irrigator and also a binding post

to establish the electric connection. A mandrin, which consists

f a spiral spring, is inserted into the tube so that we may be sure that
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the patency of the lumen is guaranteed. An ordinary irrigator will

serve for the introduction of a warm saline solution, which receives

the electric current and transmits it directly to the intestinal wall.

With this arrangement, burns are practically out of the question.

From one-half to one liter of saline solution is introduced after the

sound has been passed into the rectum as far as possible. The

maximum of the injection is reached when the fluid in the irri-

gator becomes stationary. By raising or lowering the irrigator

the intestinal pressure may be increased or diminished. When the

intestine has the necessary amount of fluid, the current is slowly

increased to 50 milliamperes, allowed to remain at this intensity

for a few seconds and then slowly reduced to zero. The poles are

then reversed and the process repeated.

The indifferent electrode may be placed either on the back or

directly over the abdomen, or it may consist of several small elec-

trodes placed over the course of the colon.

In the most favorable cases after five or ten minutes of such an

application gas bubbles appear in the irrigator and are followed

by little fluid fecal matter which will discolor the solution. The

fluid may then be renewed by lowering the irrigator and the current

is shut off. Movement of the bowels may follow within several

hours after the sound has been removed. A second application

is occasionally necessary.

In mild cases of intestinal atony superficial faradization of the

abdomen may be used. A pad is placed under the back and the

small electrode is allowed to pass over the abdomen, always taking

sufficient care not to approach the site of the operation. In-

tensities sufficient to cause contraction of the muscles of the ab-

dominal wall should be used. Care should always be taken not to

cause sufficiently violent contractions to tear the sutures at the

site of operation. This form of treatment may last from ten to

fifteen minutes and is generally promptly followed by the expul-

sion of gas. If gas collects again the treatment should be

repeated.

DISEASES OF THE DIGESTIVE APPARATUS

Constipation.

All simple forms of constipation are amenable to treatment by

electricity. It is essential, however, before beginning electric treat-
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ment to determine the exact nature of the disorder, because the form

of treatment selected depends upon the cause of the constipation.

The principal differentiation that must be made is whether the con-

stipation is due to an atony, or a spasticity of the bowel. The atonic

form must be treated with forcible means, and the spastic condition

must be approached with gentle measures. Laxatives of any kind

should generally be dispensed with, but the patient's general condi-

tion must be looked out for and proper hygienic measures, as well,

instituted.

Mild Primary Habitual Constipation.

This form of constipation is the one that we most frequently

have to deal with and is generally found in those subjects whose

occupation is sedentary and whose general nutrition is impaired.

It is most common in childhood, in adolescence, and in neurasthenia.

The bowels move at irregular intervals in insufficient quantity,

and the tendency is that if neglected the constipation grows worse.

The franklinic current is the one that gives the best results. If,

however, there be an increase in the blood pressure, it is best to

use the high frequency currents.

When the static current is used the patient is seated upon the

insulated platform, and connected with one of the poles of a powerful

static machine. The other pole is connected with the so-called

head spider which is suspended over the patient's head. The

machine is set into operation and the current is allowed to pass for

about five minutes. The tonic effect of this simple treatment has

often been found to be sufficient if repeated daily, over a period

of time, and the individual application may be extended as long as

fifteen or twenty minutes. If, however, results are insufficient

then it is well to add an application of the static breeze or even the

spark, applied directly over the iliac region. If the constipation be

atonic then the spark is used; if it is spastic, then the breeze is sub-

stituted. This is accomplished by using the pointed rod on a handle

and directing the point, or the ball, whichever may be required,

toward the right iliac fossa. The breeze acts as a powerful sedative

and arrests the spasm. The spark stimulates the muscular con-

traction and sets in motion a sufficient peristalsis to overcome the

stasis, in atonic conditions.

Recently Hertzian franklinization has been used and the tech-
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nique is the same as has been described under the heading Dila-

tation of the Stomach (q.v.).

In conditions where a mild primary constipation is associated

with arthritism, there is usually a coexisting hypertension of the

arterial system. In such cases it is well to substitute the high

frequency current for the static current. The methods of procedure

then are equally simple. The subject is placed upon the condensing

pad or chair which has previously been connected with one of the

terminals of the solenoid and the current of moderate intensity

is allowed to pass twelve to fifteen minutes. After this the efBuve

may be directed toward the right iliac fossa for from three to five

minutes. If persisted in, electricity will cure these mild forms of

constipation.

Severe Primary Habitual Constipation.

This form of constipation usually succeeds the milder type and

is in reality the outcome of a previously neglected condition. It is

characterized by greater irregularity in movements of the bowels, and

in the more severe cases there are no spontaneous evacuations what-

soever. From the nature of the condition it is more frequently

due to a spasticity of the bowel, but in old persons the bowel is gen-

erally atonic. The atonic form can generally be recognized by the

flabby condition of the abdominal walls and general musculature.

In the spastic form, which generally occurs in younger persons

and neurotic subjects, the abdomen is globular, tense, and rigid

and is depressed with difficulty. In atonic forms, the examination of

the abdomen shows that the feces tend to accumulate and gather in

a mass while in the spastic form the stool is modified in various ways,

forming marble like masses distributed throughout the bowel.

Many plans of electrical treatment have been advised for the

atonic form. Benedikt advises energetic lumbar-ventral faradiza-

tion, while Erb has advised rhythmic galvanization of the abdomen,

and faradization by rectum. Other authors prefer franklinization

such as has been described in the previous section, and some even

use the electric enema. Bordier strongly advocates the use of

Hertzian franklinization and has devised for this purpose a special

exciter. When it is remembered that Hertzian franklinization has

a specific action on the smooth muscle tissue, it cannot be denied

that logically this form of application should be preferred. The

method of procedure is simple.
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The exciter used consists of a hollow ebonite tube about one centi-

meter in diameter, through which a metal rod passes. The proxi-

mal end of the rod terminates in a hook so arrranged that it can be

attached to the external armature of the Leyden jar, which is

suspended from the positive pole of the static machine. The
ebonite cylinder has a handle attached to it at such an angle, that

the patient himself can hold it in position. The patient is then placed

in some convenient position next to the machine and the exciter

passed into the rectum. While the patient holds the exciter in

position by means of the handle, the machine is started in action, care

being taken that the spark gap is closed. The balls of the spark

gap are slowly drawn apart with the result that the Herztian excita-

tion takes place at the end of the exciter where the metal rod lies

in the rectum. I he metal rod is then slowly moved forward and

back through the ebonite cylinder, so that the excitations fall upon

the different portions of the rectum and this is continued for from

ten to twelve minutes. The treatment is free from pain and the

patient feels only the dull shocks caused by the contractions due

to the excitation.

In the beginning it is well to use this form of application daily

and as an improvement in the symptoms manifests itself, the sessions

may be instituted at longer intervals.

In all the preceding methods curative results have been reported.

In the severe spastic cases sedative and gentle measures must be

used. That which seems best has been advocated by Laquerriere

and Delherm. These authors use the combined and galvano-

faradic current. The faradic current to be used is derived from a

coil with fine wire and the interrupter should be set to a rapid

number of vibrations and a high pitch.

The galvanic element which is introduced is of high intensity

varying from fifty to one hundred or more milliamperes progressively.

The intensity of the combined currents should never be painful and

should be well borne by the subject. The only sensations should be

those of heat, prickling and vibration. The electrodes used for this

procedure consist of a saddle shaped electrode which fits in the small

of the back and a large sponge electrode of about three hundred and

fifty square centimeters in area, which is placed over the abdomen.

The patient lies in the dorsal decubitus position, and the saddle

electrode is held in place upon the loins by a small cushion placed
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underneath. The dorsal electrode is connected with the negative

pole, the abdominal electrode is connected with the positive pole

of the battery. The first procedure is to throw in a galvanic current

of the intensity of one hundred milliamperes; then the faradic ele-

ment is introduced by slowly advancing the coil until the patient

complains of sensations of vibrations. These vibratory sensations

must always be felt but need in no sense be severe. If pain is com-

plained of, then the faradic element must be reduced. With the

current flowing as indicated the duration of the application should

last from ten to twelve minutes.

As this form of treatment is used for severe cases, it is necessary

that other means for the symptomatic treatment of the constipation

be resorted to, so that the subject does not suffer too much from

intoxication symptoms. It is claimed that the stools become spon-

taneous any time within twelve or fifteen sessions of such treatment.

But during this time the patient must be provided with some means

to empty the bowels. For this purpose oil enemas are used conjointly

with the treatment, but as the bowels begin to move spontaneously,

the enemas may be dispensed with. At first there may be three

sessions a week and as the condition is relieved, the intervals between

the sessions may be gradually increased.

Whereas some writers report prompt and permanent results from

a few applications, it is generally conceded that it requires from

twenty-five to thirty sessions in order to derive permanent and

satisfactory results.

Mucomembranous Colitis.

Mucomembranous colitis is often associated with constipation

and is characterized by various kinds of mucous discharges and

crises of abdominal pain. There are various causes but it is often

associated with a neurotic condition and in such cases electric treat-

ment is of great value. The treatment generally used is that which

was advocated by Doumer and consists of electric shocks applied

to the intestines by means of high intensity galvanic currents. The
electrodes used consist of tampons eight or nine inches in diameter

and are constructed especially for this form of treatment. The
tampons may be made by covering metal disks with felt or cotton

and attaching them to ebonite holders. The well-moistened elec-

trodes are placed in the left and right iliac fossa at a point just below
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a line that would connect the two anterior superiliac spinous proc-

esses, and are held in position by the patient. The pole is then

connected with each electrode. The intensity of the current is

rapidly increased by means of the rheostat up to fifty milliamperes

and the current is allowed to pass for one minute, then without

reducing the current, it is suddenly reversed. This sudden reversal

of the current causes a disagreeable shock, and many subjects find

it very objectionable. When the current is reversed it will be found

that the milliammeter will register more than original intensity and

will rise rapidly to sixty, to seventy milliamperes. The current

then must be reduced to its original intensity and allowed again

to flow for a minute. Then the current is again reversed and this

procedure is repeated for about twenty minutes. In tolerant pa-

tients, the intensity of the current may be raised as high as one hun-

dred milliamperes, and then the best records are obtained. If,

however, the patient is feeble, the toleration will be less and it is

necessary to start with smaller initial intensity, such as fifteen,

twenty or thirty milliamperes, and as the patient becomes more

tolerant the intensity may be increased. It cannot be denied that

the treatment is disagreeable and that the shocks suffered are intense,

at the same time the reported results warrant the institution of this

treatment.

The treatment may be continued daily until the colitis begins

to subside. Of course it is necessary to regulate the diet and to

look after the patient's general condition. Doumer reports excel-

lent and rapid results and has utilized this same method of shock

treatment in cases of amenorrhea and dysmenorrhea.

Paralysis of the Sphincter Ani.

Paralysis of the sphincter ani may be due either to central or

peripheral causes. It is only in a peripheral paralysis that electricity

is of value. This can be determined as in other peripheral paralyses

by the presence of reaction of degeneration. For the treatment of

the paralysis of the sphincter, special electrodes have been devised.

The best of these is known as Bergonie's manometric electrode. It

consists of an ebonite cylinder which terminates in a blunt hollow

metallic cylindrical end where the current emerges. The metallic

end contains two or more small openings or windows. A small

rubber bag connected with a piece of rubber tubing passes through

33
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the ebonite cylinder, so that the rubber bag fills the metallic end

of the electrode. To the end of the rubber tube a manometric

arrangement is attached which enables the rubber bag to be inflated

and at the same time the pressure can be read from a gauge. When
this electrode is inserted into the sphincter and the rubber bag in-

flated, the rubber protrudes through the windows and lies against

the edge of the sphincter. After the sphincter contracts, pressure

is applied to the rubber bag, and this pressure is recorded on the

manometer. In this way one can better determine the nature of

the contractions elicited by the electric current.

For the application, the patient is best placed in the left or

right lateral decubitus position. The large indifferent electrode is

placed on the subject's abdomen and held in position either by the

subject himself or by means of a bandage. The operator with his

left hand raises the free half of the nates and with his right hand

inserts the manometric electrode. The current used may be either

the faradic, the combined, or the galvanic, depending upon the se-

verity of the paralysis. Sufficient current, however, must be used to

produce contractions of the sphincter. In any form of current, an

oscillatory interrupter, either of the spring or metronome variety

should be employed, and the oscillations should be from twenty to

thirty a minute. Each contraction of the sphincter will be recorded

on the manometer and in this way the operator can better judge as

to the effect that the current is producing. The entire duration

of the application should not last more than ten minutes and the

exhaustion of the sphincter should be guarded against. The applica-

should be repeated every second day. As a rule the improve-

ment is rapid and the preexisting incontinence soon disappears.

Fissure in Ano and Sphincteralgia.

The electrotherapeutic treatment of fissure in ano and sphincter-

algia may be immediate or remote. In both conditions the cause

must first be carefully investigated and surgical interference must

be considered. The main symptom, pain, which both of these con-

ditions have in common, is amenable to electric treatment. The

direct action of the electric treatment is the relief of pain, and the

indirect effect is the abatement of such secondary symptoms, as

loss of sleep and lack of nutrition, which are really consequent upon

the pain. The nature of the pain may be endurable so that the pa-
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tient is able to be up and about, or it may be so severe as to cause the

patient to remain in bed, and to be greatly prostrated. The pain

is usually most severe during or after defecation and for this reason

the patient fears any effort in this direction and rapidly becomes

depressed and exhausted. The electric current which is most

efficient for the treatment of this condition, is the high frequency

current; and this seems to have a remarkably sedative effect and

gives prompt relief.

The technique employed is very much the same as that which is

used in the case of Hemorrhoids (q.v.). The difficulty which is en-

countered is principally in the insertion of the rectal electrode

through the tightly contracted sphincter. In order to overcome this

the Bisserie exciter is used. This is a modification of the Oudin

exciter. By means of this, after the electrode has been placed

against the anal mucosa, the current can be carefully regulated,

by moving the olive slowly away from the conducting sphere.

When a feeble current is allowed to pass, there is a marked anes-

thetic effect on the mucous membrane and on the tissues adjacent to

the sphincter, so that it gradually relaxes and allows the electrode

to pass into the rectum. After the electrode has entered the rectum

the current may be increased in intensity. The anesthesia which is

thus produced surpasses that which is caused by cocaine. Of course

the strictest asepsis should be observed, and as a matter of cleanli-

ness each patient should have his own electrode. In severe cases

there should be daily applications, and the duration of each ap-

plication should last until the patient is entirely relieved and free

from pain. Eight to ten sessions should be sufficient to relieve the

condition. Marque reports that 94 per cent, of his cases have been

cured in this way.

Pruritus Ani.

Electrotherapy is of value in simple cases of pruritus ani where

no local conditions, such as eczema, exist. Leredde advises the same
technique as is used for hemorrhoids (q.v.) except when the condition

is entirely external. If the itching is external, then either the static

breeze or the high frequency efHuve may be used, but in all cases

both the breeze and the effluve should be used in addition to the inter-

nal treatment. The application may last from twelve to fifteen

minutes and may be administered three times weekly. The treat-
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ment is satisfactory because the condition is usually due to remote

causes that have to be cared for in other ways. If the condition is

not relieved after a few applications little can be expected and even

in the best cases, relapse may be expected.

•

Hemorrhoids.

All conditions of hemorrhoids with the exception of those that

are due to pressure from above are eligible for electric treatment.

The current to be used is the high tension or high frequency current,

such as is drawn from the Oudin solenoid, d'Arsonval coil or

Guilleminot's spiral. The electrodes which are used are either those

mad of hollow glass or those of naked metal. The subject is

placed in the Sims position and great care should be taken that the

patient is absolutely comfortable and not apprehensive as to the

nature of the treatment. Any undue excitement or apprehension

on the part of the patient will cause a tight contraction of the sphinc-

ter, and will render the insertion of the electrode more difficult.

For this reason, therefore, it is most essential that the apparatus

to be used is so set up that there will be no danger of sudden sparks

jumping from the conducting wires or electrodes, to the patient;

and great care must be observed when the electrode is applied to the

patient's body. Various procedures can be made use of in order to

avoid the sudden sparking, and the Bisserie exciter should always be

employed for the attachment of the electrode. In addition to this,

however, it must be borne in mind that it is well for the operator

to keep himself in contact with the metal of the electrode with his

right hand, and place his left upon the body of the subject so that

when the electrode is applied to the anus, no spark will jump. Any
good glass or metal electrode may be used, and the exciter to which

it is attached should be connected with the upper end of the Oudin

resonator. The resonator is then regulated for a minimal intensity,

but sufficient to raise the color of the tube to a distinct violet, so

that it will cause a feeling of warmth when applied to the hand.

After having lubricated the electrode, it is inserted, by means of a

slow rotary movement, into the rectum, and at the same time the

subject is instructed to bear down. With care and proper technique

this can be easily effected and the subject notices little inconven-

ience. When the electrode is in place, the upper buttock is raised

with the free hand and with the aid of the thumb on the exciter,
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the operator can regulate the current. If the sensation of heat is

too powerful, the current must be promptly modified for a short

time. This may be quickly done by the operator taking the current

through his own body and thus grounding it.

The application lasts for from five to six minutes and after the

circuit on the exciter has been closed, the operator again grasps

the metal part of the electrode and thus stops the entire flow of

current. Finally, with the right hand still upon the metal of the

electrode, and the left hand placed upon the body of the subject,

the electrode is withdrawn in such a way as to avoid any spark

jumping between the tube of the electrode and the sphincter.

There is always a certain amount of danger in the use of. a glass

electrode. The glass while in position may puncture and cause

fine sparks to jump to the lining membrane of the rectum. This

discharge through a minute puncture causes a painful pricking

sensation, and is accompanied by a feeling of heat. When the sub-

ject complains of this the operation must immediately be stopped

and a new electrode be substituted. But much more serious is

the breaking of the electrode, so that fragments of glass remain with-

in the rectum. This may require prompt surgical intervention,

but above all it is vital that the operator should retain his compo-

sure, and that the patient should be kept quietly in the decubitus

position, and informed that a portion of the electrode has not come

away. The promptest way to deal with this contigency is gently

to inject from one hundred and fifty to two hundred cubic centimeters

of olive oil, into the rectum and to dilate the anus with a speculum.

When the oil escapes it brings with it small fragments of the glass.

By the use of the speculum one can see the larger portions of glass

which may remain and these may be removed with a forceps. All

the fragments should be carefully gathered and an attempt should

be made to reconstruct the electrode, because this is the only sure

way to learn that no particles of glass have been left behind. This

accident is fortunately of rare occurrence, at the same time it has

happened sufficiently often to give rise to the use of metal electrodes.

But metal electrodes are not as satisfactory as glass ones, therefore,

to be on the safe side, the glass electrode may be used if it has pre-

viously been covered with a thin rubber finger, cot or stall. In

this way the danger is reduced to a minimum.

As a rule there should be three applications a week, but every
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case must be individualized in accordance with the way it responds to

the treatment. Doumer advises that if after five or seven applica-

tions there be no improvement the treatment be suspended for two

or three weeks. During this period of rest there may be some

benefit, or the condition may disappear. If, however, the condition

grows worse, treatment should immediately be instituted again.

But if a certain amount of improvement is observed then the treat-

ment need not be begun before the third week. The treatment

is continued upon this plan until no apparent benefit is being derived.

Of course all auxiliary measures such as diet, and attention to

hygiene, should be observed. The results which have been reported

are as follows

:

In the more acute cases the benefit is prompt and lasting, after two

or three weeks application.

In chronic cases, eight to ten weeks may be required and the re-

sults are satisfactory. If, however, the condition persists, other

measures should be instituted.



CHAPTER VIII

ELECTRIC TREATMENT OF DISEASES DUE TO DISORDERS
OF METABOLISM

Chronic Rheumatism. Gout. Obesity. Diabetes. Lead Poisoning.

Chronic Rheumatism.

In the treatment of chronic rheumatism, electricity may be em-

ployed either as a general stimulant to increase metabolism, or as

a local agent wherever it may be indicated.

For general treatment either sinusoidal galvanization or the high

frequency currents may be used. The most effective form of gal-

vanization is by means of the use of the hydro-electric bath, or,

better still, the four cell bath for the four extremities. The intensity

of the current is gradually increased to the toleration of the patient

and may be continued for about twenty minutes.

When the high frequency current is used, condensation is to be

preferred. The patient is placed on the condensing pad or chair

in the usual manner and a current of medium intensity is allowed to

flow for from ten to fifteen minutes. If auto-conduction is used,

the intensity of the current which passes through the large solenoid

should be as high as possible and the session may last as long as

twenty minutes. Applications should be made daily for the first

week or two, and then the intervals between them may be increased

to every second day.

Local treatment is carried out in a similar manner to that as

described under acute articular rheumatism, with the exception that

ionic medication does not seem to give as good results in the chronic

condition as it does in the acute cases. We, therefore, rely upon the

galvanic current which is of most assistance in the relief of pain.

The electrodes should be carefully placed around the painful joint, so

that when the current flows the lines of fluxion will pass through the

joint. Sponge electrodes should be used and care be taken that they

are well moistened. The positive pole is attached to that electrode

which covers the seat of greatest pain. The strength of current to be

used should always be rather high and intensities of fifty to sixty

519
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milliamp&res may be thrown into the circuit. In view of the fact

that we are using large intensities, it is well to use electrodes of

an area of not less than twenty square centimeters. These will pre-

vent the application from being painful. The duration of each ap-

plication may be from twenty to twenty-five minutes, and should be

repeated daily until relief is obtained.

Galvanization with the transportation of ions, can also be used

in the same manner as just described, but in addition thereto

the electrodes should be well moistened with an aqueous solution

of the salts whose ions are required for penetration. The general

results of galvanization are very satisfactory but the course of

treatment should be maintained for several weeks.

Gout.

The most efficient form of electric treatment of gout is by means of

local applications, which are so directed as to cause an absorption

of the gouty deposits. We, therefore, can readily uuderstand that

in gouty joints or nodules, the absorption is best effected by means of

ionic medication, and for this purpose the lithium ion gives the best

results. A bath consisting of 20 per cent, solution of lithium chloride,

which has been rendered alkaline by a small quantity of lithium

hydrate is prepared. A carbon plate is immersed in this bath and

is connected with the positive pole of the galvanic current. The

large sponge electrode is applied at any indifferent part of the body,

such as the back or over the sternum. After the affected member
has been placed in the bath, the intensity of the current is slowly

raised to 100 or 150 milliamperes and kept at this height for a period

of twenty or thirty minutes. The process that takes place during

the flow of current is complicated, and is supposed to be as follows:

First the lithium ion is liberated from the electrolyte and pene-

trates the tissues; at the same time a calcium or sodium ion of the

gouty deposit is also released. The lithium ion then enters into

combination with the uric acid radical and leaves the deposit as a

lithium urate instead of a calcium or sodium urate. The lithium

urate is much more readily soluble than any of the other urates,

and, therefore, can more easily be dissolved and ultimately eliminated

through the urine. This form of treatment may be instituted every

second day until there is an appreciable diminution in the gouty

deposit.
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It is well also in gouty subjects to look after their general condi-

tion and for this purpose the tonic effect of the high frequency-

current has been advised. When the high frequency treatment is

used it may be alternated with the local treatment as described in

obesity (q.v.), or the sinusoidal galvanization as described in chronic

rheumatism (q.v.). In any form of treatment that may be insti-

tuted, no good results can be achieved until after a protracted

period of treatment. Three sessions a week for several months may
be necessary and improvement may be measured by the increased

solid constituents of the urine.

Obesity.

Many different methods of treatment by electricity have been

devised for the reduction of body weight. In all of these conditions

it must be borne in mind that the general hygiene of the patient

must be looked after. A regular diet must be prescribed and all

other safeguards against the accumulation of additional fat must be

preserved.

Of the several methods that are employed, one which is in general

use and which has been attended with good results, is known as

Guilloz's method. This method consists of general galvanization

with the use of high intensities of current. Large, flat sponge elec-

trodes are used and are placed in different portions of the body such

as the abdomen, the buttocks, the thigh, the loins or the back and

must be thoroughly moistened with warm water. These various

electrodes are connected with different poles of the battery by means

of bifurcated wires and if the electrodes should vary in size, it is

best to attach those of larger area to the negative pole. The in-

tensity of the current is then slowly raised to about 150 milliamperes

and maintained for about thirty minutes at the first session. This

time may be gradually increased, according to the toleration of the

subject, up to one hour. Care should be taken that the electrodes

be shifted so that the skin does not become blistered. After the

patient has been subjected to about ten sessions of this form of

treatment, subsequent applications may be followed by a series of

rhythmic interruptions of the current in order to produce vigorous

muscular contractions.

Care should be taken in the selection of cases in which this treat-

ment is instituted. A patient should be watched for several days
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before beginning treatment, in order to determine whether he is

gaining rapidly in weight or not. If the increase in weight is rapid

then this form of treatment is contraindicated.

At all times during this treatment the heart of the subject must

be carefully watched. Fatty degeneration of the heart muscle is

not infrequently associated with adiposity, and in certain patients

a high intensity of current will cause a decided acceleration of the

pulse. The moment that this is noticed the intensity of the current

must be reduced and the intervals between the applications should

be so spaced as to meet the conditions.

Guilloz reports beneficial results and states that in certain cases

he has been able to reduce the subject's weight from eight to fifteen

kilograms in thirty days. Bordier also reports good results and

quotes a case in which he observed a reduction of eight kilograms

in thirty-two days.

Another form of treatment which recently has sprung into vogue

is known as Bergonie's treatment for obesity.

Bergonie's Method for the Reduction of Flesh.

Bergonie has devised a means for the reduction of the body-

weight by causing muscular contractions in different portions of

the body by means of faradic impulses, regulated and controlled

so as to cause the required muscular contractions. For this purpose

he has arranged a chair which is made with a metal back and seat

and which acts as the indifferent electrode. The active electrodes

are fastened to the different muscles to be exercised and are controlled

by numerous rheostats for the regulation of the current. The form

of electromotive force used consists of a faradic current derived from

a specially wound Ruhmkorff coil. A current interrupter is intro-

duced into the circuit, and provides for a rhythmical make and break

of the current. The rhythm is important, for upon it depends the

painlessness of the entire procedure.

The accompanying illustrations, figures 260 and 261, show the

chair and the wall plate through which the various currents are

distributed and controlled. The plate looks complicated but in

reality is very simple. All of the switches and controllers are marked

and merely indicate the electrodes which are distributed to the

different portions of the body. Each separate electrode has its

special controller, so that the amount of desired contraction of the
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various muscles can be regulated. Thus plugs will be indicated for

the arms, legs, thorax, abdomen, etc.

The main difficulty that arises is the proper adjustment of the

active electrodes. Straps are to be avoided on account of their

lack of resilience. The methods mostly used, are attachments by
means of rubber bands or electrodes held in place by means of sand-

bags.

A very advantageous modification of Bergonie's original method

has been recommended by Dr. J. H. Kellogg, who has substituted

the sinusoidal current for the faradic. By use of the sinusoidal

current more violent contractions can be obtained and sensations

of pain are practically eliminated.

Fig. 260.—Bergonie Chair and Arm Rests.

In the case of the Bergonie method of reduction, we must bear

in mind that only these cases, in which obesity has been the result

of muscular inactivity, are greatly benefited. It is, therefore, neces-

sary when using this form of treatment that the individual cause

of obesity be carefully studied and the cases properly selected.

Various other methods for the reduction of flesh by means of

electricity have been described and used but they all bear a certain

relation to Bergonie's system of muscular contraction. The only

difference consists in the method of obtaining these contractions.

Whereas Bergonie utilizes the faradic current, others have substi-

tuted it by forms of current that will produce contractions with

less pain or inconvenience to the subject.
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Fig. 261.—The Bergonie Obesity Treatment Machine.
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Nagelschmidt has used the Leduc current for this purpose.

Doumer, Dubois, Cluzett and others have used condenser discharges

therapeutically, but it remained for Schnee to devise an apparatus
in which the condenser discharges were used to stimulate general

contractions throughout the body. In this apparatus, which he
calls "The Degrassator, " condensers of large capacities are used

and the discharge curve is so arranged that the contractions are

produced with a minimum of sensory irritation.

Schnee's electrodes are attached very much in the same manner
as in the Bergonie apparatus and are held in place by heavy sand-

bags. The therapeutic principle of all of these electric exercisers

is the same.

Diabetes.

Diabetes has been treated electrically by a number of authorities

and the condensation method of the high frequency current is used.

D'Arsonval and Apostoli have reported improvement following the

use of high frequency currents. Other authorities have reported

a reduction in the amount of the sugar in the urine after ten or

twelve applications. No authorities, however, report any permanent

results, and all agree that several months after the treatment the

excretion of sugar again becomes the same as it was originally.

This, however, should not be a deterrent from the use of electricity

in the treatment of diabetes.

In many cases it becomes desirable to reduce the quantity of

sugar excreted without too great a dietary restriction. If this can

be accomplished by the use of the high frequency currents, then we
have here an important therapeutic agent even if the reduction is

only temporary.

Lead Poisoning.

Sir T. Oliver has claimed that by means of the four cell bath, a

person suffering from lead poisoning could eliminate the lead from

his system. The idea can hardly be considered new because H. L.

Jones in 1902 advocated the single electric bath in the treatment of

lead poisoning. Oliver experimented on rabbits that had been

steadily poisoned with lead nitrate and were then treated electrolyti-

cally with the two bath system, by placing the front paws in one

bath, which was connected wtih the negative pole, and the hind

paws in the second bath, which was connected with the positive pole.



526 DISEASES DUE TO DISORDERS OF METABOLISM

After repeated applications the lead paralysis rapidly yielded and the

animal seemed to develop an immunity to further lead poisoning.

In addition to this Oliver subjected a number of men, who had

been poisoned by lead, to the same form of treatment. Their im-

provement was marked and lead was found in the bath water. In

one individual the intense blue lead line is reported to have dis-

appeared. Oliver advocated furthermore that it might be well to

use a bath of this description prophylactically among lead workers.

W. H. F. Oxley subsequently attempted to corroborate these

results but was unable to find any trace of lead in the bath water.

We may conclude, therefore, that any benefit which may be

derived from this bath is hardly dependent on the elimination of

lead by ionization. The baths may have a sufficient effect on the

body metabolism so that the natural elimination of the lead may be

promoted. The treatment of lead palsy has been described under

Neuritis.



CHAPTER IX

ELECTRIC TREATMENT OF DISEASES DUE TO DISORDER
OF THE CIRCULATORY APPARATUS

Arterial Hypertension. Arterial Hypotension.

Arterial Hypertension.

The subject of increased blood pressure is at present very much
discussed and some observers still maintain that electricity has no

permanent effect on the blood pressure. But all are now agreed

that electricity does have a very decided effect on arterial pressure

and the only question of difference is as to the length of time that

this effect manifests itself. The high frequency currents are those,

which if properly used, have the greatest effect in modifying ar-

terial tension. For the treatment of hypertension, auto-conduction

or condensation is used.

In order not to fall into error by false observation, it is well for

several days prior to the beginning of the treatment, to take daily

readings of the blood pressure. These readings should be taken at

such a time that would correspond with the time that the treatment

is to be instituted, and then carefully noted. In this way one ob-

tains the average reading of the patient's blood pressure before

treatment. When treatment is begun, the blood pressure should

first be taken immediately before the application, and then again

about five minutes after the application is concluded.

Auto-conduction.

When auto-conduction is used, the subject stands up inside of the

large solenoid in the usual manner. The current is gradually in-

creased until it attains its maximum. The current passing through

the solenoid should be of great intensity and of high frequency

in order to obtain the best results. As it is impossible to measure

this, it may be a sufficient guide to note that the current should be

strong enough to give a spark from the coil twenty-five centimeters

in length. Each session may last from ten to fifteen minutes and

should be repeated daily. Gradually the applications may be

given every second day and finally once or twice a week. This
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form of treatment is cumbersome and tiring to the patient and for

this reason is not often used. Auto-conduction was the first form

of treatment used for reducing high blood pressure and it is for this

reason that some operators still persist in using it. But the same

results with less fatigue to the subject and less difficulty to the opera-

tor can be obtained by means of condensation.

Condensation.

For the purpose of condensation either the condensing bed or

the condensing chair is used. The subject, either seated or reclin-

ing, is placed on the condenser and the current, which is derived

from the Oudin resonator, is allowed to flow for from eight to ten

minutes. Care should be taken not to prolong the session for more

than ten minutes because the prolongation does not tend to give better

results; on the contrary, prolonged sessions may be attended with

restlessness, agitation and a general feeling of weakness. The
short sessions, however, can be repeated without bad effect even the

same day if necessary after an interval of a few hours.

The applications should be given daily and twenty sessions should

suffice to reduce the pressure appreciably. While undergoing

treatment the patient should feel well, should sleep well and should

not feel nervous or restless.

The bed treatment is always accompanied by a sensation of

warmth and well-being. At first there is a sensation of formication

in the hand which receives the current and this gradually spreads

all over the surface of the body. If these symptoms are disagreeable

to the patient, they may be avoided by shortening the duration of

the session or prolonging the intervals between the sessions.

Some authorities go so far as to say that high frequency is the

only proper method for the treament of hypertension, and should

be chosen for the treatment in all cases of arteriosclerosis. We
feel, however, that all cases and classes of cases must be more or

less individualized. It is admitted that where the hypertension

is in a measure a compensation for the sclerosis of the arteries, an

interference with the pressure itself is a bad thing for the subject

and, therefore, such cases should be left alone or treated from another

viewpoint. But in cases where the hypertension is so great as to

endanger the blood vessels, then high frequency treatment should

be promptly instituted.
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It must be a warning to the operator if after an application of

short duration the subject does not express himself as feeling well

and stimulated, but on the contrary complains of exhaustion, de-

pression and enervation, together with a feeling of tiredness that

often compels him to seek rest. It is generally in these cases that

the hypertension is compensatory and one should be careful how the

pressure then is reduced.

We have observed cases of hypertension which have resisted

all the ordinary methods of treatment, gradually respond when
treated by condensation. In one case, particularly worthy of men-
tion, the increased arterial tension was so great that the patient

had several small apoplectic attacks. After the condensation treat-

ment was begun, the blood pressure dropped over forty points, and

most of the urgent symptoms disappeared so that for the past

three years he is able to resume his ordinary course of life.

Arterial Hypotension.

Lowered blood pressure is extremely common in persons suffering

from neurasthenia and in patients convalescing from some severe

disease. It is generally accompanied with mental depression,

sleeplessness, restlessness and a greater or lesser degree of enerva-

tion. Electric treatment of this condition may be either by the

franklinic or by the high frequency current. The franklinic current

seems, however, to give the best results, because with the high

frequency currents we must avoid using the condenser on account

of its tendency further to reduce the blood pressure, and because

the effects obtained from the high frequency effluve and spark

are very similar to those obtained from the static machine.

Franklinic Treatment.

All forms of excitation should be avoided and a sedative form

of treatment should be used. The static bath is the best form of

treatment in these cases and either pole may be attached to the

subject. The static machine for this purpose must be a powerful

one. The sessions should last from twenty-five to thirty minutes

and the application should be given daily. If convenient there

may be even two applications a day. The frequency of the applica-

tions must be regulated in accordance with the rising of the blood

pressure.
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High Frequency.

When a static machine is not obtainable, the high frequency-

apparatus may be used. The subject is undressed and placed in a

sitting position on a stool with his back to the operator. The

effluve is first used and directed toward the spine. After this

application has lasted from three to five minutes, a slight stimula-

tion may be introduced by the use of the spark over the vertebral

column of the lumbar region. It is reported that after such an ap-

plication, the blood pressure is at once elevated and remains so for

a variable length of time. The duration of the entire application

should not last longer than from five to six minutes and the repe-

titions must be determined by the amount of fatigue or exhilaration

which is felt by the subject. At first there may be two sessions

daily and these may gradually be reduced to three a week. Twelve

to fifteen sessions should be sufficient to show an appreciable in-

crease in the blood pressure if any effect is to be achieved.



CHAPTER X

ELECTRIC TREATMENT IN DISEASES OF THE RESPIRA-
TORY APPARATUS

Ozena. Whooping Cough. Paralysis of the Diaphragm. Dry

Pleurisy. Asthma. Pulmonary Tuberculosis.

Ozena.

In cases of ozena which cannot be treated by means of paraf-

fin injections on account of the obstruction of the turbinal tissues,

the condition may be treated by means of the high frequency current.

After the nasal mucous membrane has been thoroughly cleansed

by means of an alkali wash, a hollow glass electrode is passed into

nostril as far back as the pharynx. The patient is seated on a chair

and rendered immobile, so that he may not make a sudden move-

ment that might break the glass electrode. The patient is con-

nected with the lower end of the Oudin resonator and the nasal

electrode is connected with the upper end, and a current of medium
intensity is allowed to flow. By this means the patient receives

the general high frequency bath as well as a local application to

the nasal mucosa. The session lasts from two to five minutes and

may be repeated every second or third day.

Whooping Cough.

It has long been known that the inhalation of ozone by patients

suffering from whooping cough, causes a relief of the symptoms and

a diminution of the number of attacks. Through the use of electric-

ity and by means of certain apparatus, we have a method of ozo-

nizing the air for inhalation and this may be utilized in the treat-

ment of whooping cough.

The two currents most adapted for this purpose are the high

frequency and the franklinic currents. Electric ozonization is

much more easily accomplished by means of the d'Arsonval cur-

rents than by the franklinic currents and therefore the former are

preferable. The terminal of an Oudin resonator gives off a beauti-

ful effluve which is accompanied by the liberation of large quanti-

ties of ozone. The method of procedure is as follows:

S3i
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The patient is seated in an arm chair, and the electrode that is

to generate the ozone is held at a distance of about twenty centi-

meters away from the nose and mouth. This electrode consists

preferably of a brush of fine metal wire and is connected with the

Oudin resonator. A very fine effluve discharge is given off from the

wires of the brush and this discharge is accompanied by the forma-

tion of large quantities of ozone. In order that the patient shall

receive the maximum quantity of ozone for inhalation, a cardboard

funnel which is coated with paraffin, is placed between the patient

and the brush, in such a position that the small end is near the pa-

tient's mouth and nostrils. In this way the ozone, as it is generated

at the points of the wire brush, is collected in the large end of the

funnel and is then drawn into the lungs of the patient at the small

end. It has been figured out that the maximum therapeutic dose

of ozone is f{o of a milligramme per liter of air. But this can never

be achieved in actual practice, because the ordinary apparatus

with the twenty-five or thirty-centimeter spark falls very far short

of this proportion. These applications should take place daily, and

in the beginning should last from five to six minutes. The duration

of the application may rapidly be increased until the session lasts

from ten to twelve minutes. It is reported that complete relief is

attained at the end of from two to three weeks.

Paralysis of the Diaphragm.

Paralysis of the diaphragm may complicate a pleurisy or a

diaphragmatic peritonitis, or it may be due to a neuritis of the

phrenic nerve. The X-ray has been used to establish the diagnosis.

The most common form that we have to deal with is that paralysis

which follows a toxic neuritis.

The treatment of the paralysis is by means of the galvano-faradic

current. A small electrode which consists of a pad five centimeters

in diameter is placed as nearly as possible over the course of the

phrenic nerve. This would be in a position above the clavicle and

near the external border of the sternocleidomastoid muscle. This

electrode is connected with the negative pole. The large indifferent

electrode, which is connected with the positive pole, is placed over

the pit of the stomach. The intensity of the faradic element of

the current should be sufficient to cause a slight amount of pain and

the galvanic intensity may vary from five to ten milliamperes. The
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current should be adjusted to such a strength that the contractions of

the diaphragm can be appreciated. After this has been tested the

metronome interrupter is thrown into the circuit and set so that

the circuit is mechanically made and broken every two seconds.

The duration of this treatment should last about ten minutes and

should be repeated every second day. It is claimed that from twelve

to fifteen sessions will effect a cure, but if the paralysis be a severe

one following a diphtheritic neuritis, then it will require a longer

course of treatment.

Dry Pleurisy.

Chronic pleurisy with a formation of adhesions or ordinary dry

pleurisy with friction sounds, as well as pleurisy accompanied by
severe pain, are amenable to treatment by electricity in precisely

the same way that Leduc carries out the treatment of scoliosis (q.v.).

The reported results are excellent and a great many observers have

corroborated Leduc's original claim.

Asthma.

The treatment of asthma by means of electricity is divided into

two parts. First, the treatment of the patient's general condition,

in which either the franklinic or high frequency current is used;

and second, the treatment of the spasm, in which galvanism of the

vagus nerve is instituted. Brugelmann reports many good results

from stimulation of the vagus and applications of the galvanic

current along the larynx, pharynx and over the chest.

Little has been done in this connection but recently ozone in-

halation by means of the high frequency current has been tried and

more or less good results reported.

Pulmonary Tuberculosis.

Since the high frequency current became applicable for thera-

peutic measures, various electrotherapeutists tried to use this form

of current for the treatment of pulmonary tuberculosis. At first

many experimenters claimed success, but as is usual in all new forms

of treatment of chronic conditions, a psychic element entered in

a great measure into the reported improvements, so that for eight or

ten years very few writers have reported much success due directly

to the use of electricity in the treatment of pulmonary tuberculosis.

Doumer spent considerable time up to 1900 in treating pul-

monary tuberculosis by means of the high frequency current, but
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since that time he has made practically no mention of this subject

and the conclusion we must draw is that his results were not up to

expectation.

In 1907, O'Farril took up the question of the treatment of tuber-

culosis by means of electricity and since then has claimed consider-

able success with its use. He employs a special technique and ap-

paratus for the treatment. His apparatus consists of a Radiguet

coil which gives a spark of 0.5 centimeter, and a turbine interrupter

that gives 3000 interruptions per minute. His battery consists

of the Mosciki system of condensers to which is connected a single

thick wire bipolar resonator. The condenser battery is formed by

sixteen condensers mounted in series, eight on each side. OTarril

claims that this apparatus is durable and that he has been able to

use it for six and eight hours daily for a year without it requiring

any repairs or giving him any trouble.

The initial current has a pressure of no volts with three thou-

sand interruptions per minute. The potential is then reduced until

a current of four milliamperes is supplied. After the interrupter is

thrown into the circuit and the coil is connected with the condens-

ers, the induction current from the circuit of the resonator is sup-

plied to them. With a little experimentation, the distance between

the spheres of the detonator is determined so that the spark is

compact and continuous and the connections between the condenser

arid the induction circuit are so arranged as to give the best current.

In this way a quantity current is derived.

The patient, clad in a thin undershirt, is seated on a low re-

volving stool in a convenient position near the apparatus. The

operator is seated on a higher chair so that he is above the patient.

The patient is then connected with one pole of the resonator by

means of an electrode which consists of a metal sheet covered with

absorbent cotton, which has been wet with tepid water, and is

placed over the abdomen. It will be found on account of the con-

struction of the apparatus, that the current at one pole is at a higher

potential than the other. The indifferent electrode, which is applied

to the abdomen, should be connected with the pole of the lower

potential. The active electrode consists of a wire brush and is con-

nected with the pole of higher potential and is brought near to the

thorax. Care should be taken that the brush does not touch the

thorax because the thermal action of the current will cause great
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pain and often superficial burns. The applications may be applied

daily or if necessary only every second day, and the sessions may
last from ten to fifteen minutes. The remedial action of the current

is supposed to relieve the pain, to antagonize the muscular atrophy,

to cause a revulsion in the skin and by reflex irritation to excite the

respiration.

During the treatment the patient inhales ozone and ozone is

presumed to form in the alveoli of the lungs, through the passage of

current. The ozone acts as an oxidizer and therefore is a powerful

germiciae.

In addition to all this the current activates the circulation and

nutrition in the lungs and therefore increases the general resistive

power. The treatment should be directed to that portion of the

skin directly over the lesion as well as to the entire thorax. The
first application may increase the body temperature and the local

symptoms. In this case the intensity of the current may be regarded

as too great and should be reduced.

It must be borne in mind that with electric treatment of pul-

monary tuberculosis all other remedial agents should not be neglected.

Many other writers refer to different uses of electricity in the

treatment of the accompanying symptoms or conditions that may
coexist with a pulmonary tuberculosis. The various currents are

applicable, depending upon whether the coexisting condition is

an increased arterial tension, a neuralgia or general nervous mani-

festations. These forms of treatment however are the same as have

been discussed under the individual headings by themselves.

Diathermia.

The diathermic action of the high frequency currents has also

been utilized in the treatment of pulmonary tuberculosis. Im-

provement in the condition of certain patients has led to the theory

that if a local congestion around the tuberculous area in a lung

could be produced, this congestion would prevent the growth of

tubercle bacilli and thereby aid in limiting the progress of the

disease.

Diathermia has the effect of causing a local congestion and there-

fore the electric current has been so applied as to place the affected

area of lung tissue in between the two electrodes which have been

connected with the diathermic apparatus. This form of treatment,

however, is not unattended by danger. The treatment is sometimes
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followed by a hemorrhage and other unfavorable symptoms. This

has usually been found in cases where the tuberculous process has

reached an advanced stage and the reason therefore seems to lie

in the fact that in the advanced cases of pulmonary tuberculosis the

blood vessels of the lung become so thin that the hyperemia pro-

duced by the current causes a distention and breaking of the vessels.

As a general rule therefore the treatment of advanced cases by means

of the high frequency current is contraindicated. In early cases,

however, beneficial results seem to be derived.



CHAPTER XI

ELECTRIC TREATMENT IN DISEASES OF THE EYE

Paralysis of the Motor Muscles. Stricture of the Lachrymal Duct.

Trichiasis. Corneal Opacities. Opacities of the Vitreous. Trachoma.

Ophthalmia Neonatorum. Episcleritis.

The diseases of the eye in which electricity may be of value as

a therapeutic agent, may be divided into three groups: first, that in

which the muscles and nerves are affected; second, that in which

the nutrition of the parts is impaired; and third, that in which the

condition is purely surgical.

As a general rule it is well to remember that the same methods

of electric treatment apply to affected muscles of the eye as apply

to any other muscle or nerve similarly affected. The difference,

however, lies in the fact that it is impossible to apply the current

directly to the eye-muscles that may be involved. And the eye

itself is so closely associated with the other organs of special sense,

that one must guard against the dispersal of current arcs through

the other cranial structures, and therefore great caution must be

exercised not to use currents of too great intensity.

In nutritional disorders of the eye, electricity may be of value

in restoring the nutritional activity of the cell, and in improving

local circulation.

In surgical conditions, the electrolytic action of the current is

utilized but one must always bear in mind that the technique is

more or less difficult, and requires great dexterity and practice.

Paralysis of the Motor Muscles.

Paralysis of the motor muscles of the eye may be due either

to a central or to a peripheral lesion. The differential electro-

diagnosis between these two conditions offers mechanical difficulties

because the electrodes can not be so placed as to obtain a reaction

of degeneration. One must, therefore, rely upon clinical symptoms

in order to differentiate the two conditions. But the differentiation

is important, because the central paralysis is not amenable to
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electric treatment while the peripheral paralysis improves rapidly

under electrical stimulation.

In the treatment of a peripheral palsy we have a choice between

the galvanic, the combined or the faradic current. In general it

is well to use only the faradic current, because thereby the disagree-

able symptoms that accompany the use of the galvanic current,

are avoided. The galvanic current is used only when there is some

special indication for it. The electrodes used consist of a large

indifferent electrode, which is placed at the nape of the neck, and

a small eye electrode which is placed in a position where it will

excite contractions of the affected muscle. The eye electrode is

made of a small metal disc, about a centimeter in diameter, and

covered with a thin layer of cotton held in place by one or two layers

of cheesecloth. The faradic current to be used is drawn from the

induction coil in which the windings are of coarse wire and the vi-

brator set to a medium rapidity of vibrations. As a preliminary, it

is well to test the strength of the current by applying the examining

electrode over the motor point of the orbicularis palpebrarum and

to allow a current of sufficient strength to flow, so that the orbi-

cularis will show a distinct contraction. After the current strength

has been determined, the electrode is placed below the supraorbital

ridge over the closed eyelid as nearly as possible in a position di-

rectly over the affected muscle. The current is then allowed to

pass after an interrupter of the metronome type has been thrown

into the circuit, and the interruptions at the rate of one a second

are instituted. The duration of such an application may last from

five to seven minutes and the application should be repeated every

second day.

Galvano-faradic or combined treatment may be carried out in

a similar manner as the faradic treatment, but care must be taken

that the galvanic element is never greater than two or three milli-

amperes. If a galvanic current of greater strength be used, the

rapid interruption will cause sensations or flashes of light, vertigo

and even nausea.

The combined current may be used as a preliminary to the

faradic treatment but without the use of the metronome interrup-

tions. In this case the combined application serves to overcome

the natural resistance of the tissues and an application of one or

two minutes is sufficient for this purpose. The galvanic current,
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if necessary, may be used in the same manner as has just been de-

scribed but not more than two milliamperes of current should be

allowed to flow if the current is interrupted, and even then great

care must be taken to note the effect on the subject. If no inter-

ruptions be used, three to four milliamperes of the constant flow

may be maintained for from three to four minutes.

The general results of the electric stimulation of the motor

muscles of the eye, when due to a peripheral involvement, are good

and the recovery of the lost function is fairly rapid.

Stricture of the Lachrymal Duct.

The principle involved in the relief of strictures of the lachrymal

ducts depends upon the electrolytic action of the current. It has

been used for a number of years and the best results have been re-

ported by LaGrange of Bordeaux. The active electrode consists

of a fine silver wire sound which is placed within the duct. After

the sound is inserted the surrounding tissues of the eyelid should be

well protected by covering them with three coats of insulating

varnish specially prepared for this purpose. The current is then

allowed to flow and its intensity slowly increased until it reaches

from two to three milliamperes. Five minutes of such application

is sufficient and the application should not be repeated oftener than

once in every eight or ten days. Good results are generally reported

but the application requires a considerable amount of dexterity.

Trichiasis.

The electric treatment of trichiasis is the same as that employed

in electrolytic epilation as used in hypertrichosis. The technique

is identical. A blepherostat or an eye speculum must be previ-

ously inserted in order to prevent involuntary winking and the opera-

tion must be preceded by local anesthesia.

Corneal Opacities.

The electric treatment of such conditions as corneal opacities,

keratitis, leucoma, etc., relies upon the electrolytic action of the

current, and the local nutritional stimulation of the cell activity.

The method of procedure to be followed is identical with that used

in galvanism of the ocular muscles, with the exception that the elec-

trode should be applied outside the lids as nearly as possible over the

lesion. The intensity of the current should be from three to four

milliamperes and the application should last for about ten minutes.
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Opacities of the Vitreous.

In treatment of opacities of the vitreous the technique is the same

as in corneal opacities. Some ophthalmologists, however, have made

the application by passing a fine platino-iridium needle into the pos-

terior chamber and connecting it with the positive pole. The current

is allowed to flow at an intensity of two milliamperes for about three

or four minutes. It can be seen, however, that great technical dex-

terity must be employed, and at best this form of treatment is haz-

ardous. The electrolytic action of the current is much more effect-

ive in this form of application, and good results have been reported

by those who have used it.

Trachoma, Ophthalmia Neonatorum, Episcleritis.

The principle of ionic conduction is utilized in the treatment of

these conditions. The technique is the same for all of them but the

medicaments that may be used differ. For the treatment of oph-

thalmia neonatorum the zinc ions seem to have the best results.

Some authors, however, prefer the immersion of the pads in silver

nitrate or protargol. The copper ions are used in the treatment of

trachoma. As episcleritis is considered to be a rheumatic or

gouty condition, ionization with the salicylic acid ion has been used,

and good results reported. The application in all these cases should

last for from five to ten minutes and more than two or three applica-

tions are seldom necessary.



CHAPTER XII

ELECTRIC TREATMENT IN DISEASES OF THE EAR

Tinnitus Aurium. Sclerous Otitis Media. Auricular Vertigo.

Hysterical Deafness. Stenosis of Eustachian Tube.

It is very important before instituting any form of electric

treatment for conditions or abnormalities in the organs of hearing,

that the exact diagnosis be first established. Roques and Junca

maintain that neither the clinical diagnosis nor the electro-diagnosis

alone should be exclusive. Both should be used. The auditory

reactions are found to conform to clinical findings and should in-

variably be used in routine diagnosis. The pathological reactions

which are of greatest significance are those of resistance to vertigo

and hyperexcitability (see Voltaic Vertigo under Electro-diagnosis).

Progressive vestibular lesions are always accompanied by an in-

creased resistance to the vertigo, whereas a hyperexcitability is

characteristic of irritative types of inflammation. These authors

do not regard the direction of the inclination of the head as of primary

importance.

In all applications of electricity to the ear, mild currents are to

be used because it must be remembered that in such application

the electric field always encompasses the vestibular fibers and can

thereby cause very annoying and troublesome symptoms.

In the following sections, the strength of the galvanic current is

always indicated, but in general it is well to use a current of smaller

rather than larger intensity.

AFFECTIONS OF THE EAR

Tinnitus Aurium.

Tinnitus aurium is a symptom which may complicate many
different conditions and therefore it is essential first to make a

careful diagnosis of the primary cause. The form of tinnitus which

is amenable to electric treatment, is caused either by an increased

blood pressure or by an early arteriosclerosis. The general condi-

541*



542 ELECTRIC .TREATMENT IN DISEASES OF THE EAR

tion of course should be treated. The tinnitus itself may be re-

lieved by various forms of electric application.

Galvanism.

If galvanism is used the patient is placed in a comfortable posi-

tion in a reclining chair, and an indifferent sponge electrode is placed

on the back. The head is turned to one side and one or two cubic

centimeters of sterile water are introduced into the ear by means of

a pipette. Any good auricular electrode, such as Roumaillac's

may be used. The electrode, however, should be carefully covered

with cotton which is firmly held in place and it is then introduced

into the ear with a slow boring motion. Simultaneous with the

introduction of the electrode, the auricle is elevated, and the tragus

is pulled forward. The auricular electrode is connected with the

positive pole. The current is then allowed to flow and the inten-

sity gradually increased until five or six milliamperes are reached.

The tolerance of such an application is about five to six minutes

and three sessions weekly may be instituted. If no improvement

is noted after the first or second application, then a reversal of cur-

rent may be tried. If, however, with a reversal of the current

there should still be no improvement, further applications are useless.

If an improvement takes place after the first or second application,

the prognosis is good and the treatment may be continued.

Faradism.

If faradism is used the electrodes are the same as those described

under galvanism. A sufficient amount of current should be

allowed to flow until a contraction of the facial muscles is noticed.

The faradic current is tolerated better and for a longer time than

the galvanic current, and therefore the application may last from

twenty to thirty minutes. At first daily applications may be used,

but after a time the interval should be reduced to every second

day. The results from faradism are generally encouraging and for

the most part good. If, however, there be no improvement after

the tenth session, this form of treatment will be of no value.

Franklinization.

Franklinization is not indicated in a simple tinnitus. If, however,

the tinnitus complicates an auricular vertigo, the static breeze may
be used with good results (Libotte).
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High Frequency.

The use of high frequency currents is of course indicated where

the tinnitus complicates a high blood pressure. Besides the general

treatment, a local treatment consisting of an effluve directed against

the mastoid process and the tragus, may be of value if there is no

suppuration. In certain subjects sparks may be drawn locally if

the parts are not too sensitive. The results of this form of treat-

ment are encouraging.

Sclerous Otitis of the Middle Ear.

In conditions of sclerous otitis media, an electro-diagnostic ex-

amination should always be made (see Voltaic Vertigo). The two

methods of treatment depend upon the use of either the faradic or

galvanic current. Bergonie advises rhythmic faradization of the

ear. The object of this electric excitation is to mobilize the mem-
brana tympani and the ossicles. A secondary benefit is derived

from the powerful activation of the nutrition of the deeper portions

of the ear, and even more remotely by the active stimulation of

the smaller muscles of the middle ear. Bergonie reports good

results, especially in early cases.

The second method of treatment of sclerous otitis media is

sponsored by Malherbes, who uses the galvanic current. In reality

this form of treatment consists of transtympanic electro-ionization.

The electrodes used are the same as those described under galvanism

of the ear and also are similarly placed; the only difference in the

application is that instead of pure water being instilled into the ca-

nal, a solution of some salt, such as sodium chloride, potassium

iodide or nitrate of pilocarpine is used. The current is allowed to

pass slowly at an intensity of from two to three milliamperes and

for about fifteen minutes to each ear. If it is desirable to have the

chlorine or iodine ion pass through the membranes of the ear, the

solution used should be saturated and the auricular electrode should

be negative. If, on the other hand, pilocarpine is used, it must be

remembered that this salt is a kathion and the positive electrode is

substituted while the solution should not be stronger than from i to

2 per cent. The application may be repeated three times weekly.

The object of course is that the ions should exert a sclerolytic action

on the tissues. The reported results are good, and from twenty to

thirty applications are desirable.
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Auricular Vertigo.

Auricular vertigo is due to certain conditions of the internal ear

and is always accompanied by such symptoms as deafness, headache

and tinnitus. It is also often associated with an incoordination

of certain muscles, or an unsteadiness in gait, which is more pro-

nounced in the dark and on exertion. According to Libotte, there

are no contraindications to the use of electricity in auricular vertigo

and he advises an aural application of the franklinic current. For

this purpose he has devised an electrode which consists of a small

wooden rod, terminating in an ebonite knob, which in turn encloses

in its center a small filament of graphite. This electrode is intro-

duced into the canal by means of an aural speculum. After the

patient has been seated on an insulated platform, he holds the ear

electrode in place with one hand, and is connected with the static

machine by means of a conducting rod held in the other hand and

the rod in turn is connected with the negative pole of the static

machine. The operator then connects himself by means of his

left hano\ with the positive pole, and in his right holds the metallic

exciter. This arrangement causes the exciter to be positively

charged and to give off an aigrette. As the exciter is gradually

approached to the electrode which lies in the ear, a smaller aigrette

is produced at the external extremity of the auricular electrode.

As the distance between them is lessened the two aigrettes fuse and

form a violescent spheroid. Coincident with this, another aigrette

is formed in the ear. This secondary aigrette faces the tympanum
and supplies to it an electro-static bath. Care must be taken to

avoid the contact between the exciter in the operator's hand and

the tip of the electrode. If such a contact should accidently be

made, sparks would jump between the carbon point in the canal

and the tympanum. This is extremely undesirable because it

would tend to congest the aural membrane. The aigrette, how-

ever, has an opposite effect and is most efficient in relieving any

preexisting congestion. The application may be continued at first

for a period of three minutes and in accordance with the toleration

of the patient may be gradually increased to even fifteen minutes.

The effect of each application is very sedative and may be repeated

as often as every second day. From twenty to thirty sessions

generally will give relief. The deafness is the first symptom to
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show improvement. After this there is generally an abatement

of the vertigo, the tinnitus and the headache.

Hysterical Deafness.

Hysterical deafness like all other hysterical attacks may be re-

lieved by electricity which again is used in its twofold character of

improvement of nutrition and suggestion. For this purpose either

the galvanic or the faradic or the combined current is used. The

technique is the same as used in Tinnitus, but with slight modifica-

tion. The metronome interrupter should be drawn into the cir-

cuit with interruptions at the rate of one every two seconds. When
galvanization is used the negative pole should be attached to the

active electrode. The relief from such an application is prompt

and any relapse will rapidly yield to a repetition of the procedure.

Stenosis of the Eustachian Tube.

In the case of stenotic conditions, we rely upon the electrolytic

effect of the galvanic current for the relief of a stenosis of the Eus-

tachian tube. A large indifferent electrode, connected with the

negative
,
pole is placed at the nape of the neck. Various exciting

erecTroaes are used at the parent end of Cne
;

'Eustachian tube but

they all consist of a small enameled bougie which has been placed

in position through a Eustachian catheter. This exciting electrode

is connected with the positive pole. When both electrodes are

in position, a current from two to four milliamperes is allowed

to flow for from two tcv-iiy.e minutes. Despite all statements to

the contrary, the application isX painful one and it is not wise to

repeat it oftener than once in every eight or ten days. The results,

however, are good and after a few sessions the Eustachian tube be-

comes clear.
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CHAPTER XIII

ELECTRIC TREATMENT IN DISEASES OF THE SKIN

Eczema. Pruritus. Tuberculous Lupus. Erythematous Lupus.

Verruca. Acne. Hypertrichosis. Raynaud's Disease. Perforating

Ulcer of the Foot. Furunculosis. Lymphangitis. Alopecia.

Eczema.

The only effective action that electricity has upon eczema is in

relief of the itching. This of course at times is very important and

therefore acts as an excellent adjuvant to the general treatment of

the condition. The two methods used for the relief of the itching

are by the use of the static breeze and the high frequency effluve.

For the application of the static breeze the patient is isolated with

the affected skin laid bare. He is then connected by means of a

metallic rod with the positive pole of a power static machine. The
breeze is derived from a point attached to an isolated needle and

connected with the negative pole, and is directed toward the erup-

tion on the skin. The application may be continued for from fifteen

to twenty minutes, during which time the patient feels a refreshing

sensation over the itching area and which persists for some time after

the application ceases.

The high frequency effluve is used in a similar manner for the

same length of time and brings about the same results. Either of

these applications may be applied daily and are in no way curative

with the exception that they reduce the sense of irritation.

Pruritus.

Pruritus of any description is amenable to relief by similar methods

as those just described. Of course the underlying condition, whether

gastrointestinal, functional or constitutional should be treated. The

application may be lengthened until a thirty-minute session is reached

and this may be frequently repeated. Broig reports cures in two-

thirds of the cases he has treated.

546
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Tuberculous Lupus.

In the treatment of tuberculous lupus, the high frequency spark

has been used successfully and cures are reported as having been

repeatedly effected. The method of procedure is similar to other

applications of the high frequency spark with the exception that a

special electrode is used. This electrode consists of a brass cylinder

which terminates in a fine needle. The needle is surrounded by a

glass tube which is pierced so as to allow the needle to pass through

its end. Such an electrode attached to a Bisserie exciter is connected

with the upper extremity of an Oudin solenoid by means of an

insulated wire. The apparatus is then set at work and the exciter

is so grasped that the current passes through the body of the opera-

tor. The needle point of the electrode is then carefully inserted

into the periphery of a nodule of lupus. The olives and the exciter

are separated and the sparks allowed to pass. The point of the

needle is then slowly withdrawn from the tissues until it is at a

distance of two to three millimeters above the surface. The entire

procedure from the time that the sparks are allowed to flow until

the needle is withdrawn, should not consume more than fifteen to

twenty seconds. After such an application an inflammatory reac-

tion sets in . and the morbid tissue is gradually eliminated. The

scars of the skin which follow this procedure are very slight. Three

or four sessions should be sufficient to cure a small patch of lupus.

The method is painful but must be applied energetically.

Notwithstanding the drawbacks to the use of this mode of appli-

cation, it is claimed that it gives the best results and Guilloz is the

authority for the claim that this method is superior to all others

including the X-rays.

Erythematous Lupus.

The electric treatment of erythematous lupus is equally T)ene-

ficial both in the superficial and the deep forms. High frequency

currents are the only ones used and these may be applied 'either

through the erfluve or by means of the condensation spark. For

the effluve, a small broom of foil or metallic wires, is connected with

the Oudin resonator and held at a sufficient distance away from the

skin to prevent sparking. The application lasts from twenty to

thirty minutes and is repeated every second day. The results from

this form of treatment are fair and may be used in sensitive persons
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whose conditions prevent the use of the spark. Better results, how-

ever, are achieved by the condensation spark. Any condensing

electrode, such as that of Oudin, Nogier or Mcintosh, may be

used. The electrode is mounted on the handle of a Bisserie exciter

and again held by the operator so that the current passes through

his own body. The electrode is first applied to the healthy skin

about one centimeter away from the lupus and the current is allowed

to flow by separating the olive from the sphere of the exciter, little

by little, until the sparks flow rapidly to the adjacent skin. The

electrode is then gradually passed over the affected area until the

entire afflicted part has been subjected to the same treatment. The

electrode must always be moved from the periphery to the center

of the growth. Each patch may be treated for from two to five

minutes and the treatment may be repeated every second day.

These applications cause a lively reaction of the skin. At first

small crusts appear and these in turn fall off, leaving the skin be-

neath showing red and slightly shining. After each session the

crusts reappear and gradually become smaller and smaller.

Verruca.

Verrucae have been treated for a long time by means of simple

electrolysis. A sponge electrode of from fifty to sixty square centi-

meters is placed near the growth and connected with the positive

pole. The negative electrode consists of a platinum needle, which

is inserted at the base of the wart. For this purpose it is often

necessary to use a local anesthetic, such as kelene or ethyl chloride.

The strength of the current need not be greater than four milliam-

peres. The current is allowed to flow until the wart takes on a pale

tinge. After a short time a small bulla forms, the wart turns brown

or black and comes away between eight and twelve days after the

application.

Jones advocates electrolytic ionization with the magnesium ion

for multiple warts. For this purpose he covers the area with a piece

of rubber sheeting, which has previously had small openings made
in it corresponding to the warts. Over this he places an electrolytic

electrode which has previously been immersed in a solution of 30

per cent, magnesium sulphate and connected with the positive pole

of the battery. The negative pole becomes attached to the indif-

ferent electrode and is indifferently located upon the body. The
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intensity of the current may vary from four to eight milliamperes

and the duration of the session may last fifteen minutes. These

sessions may be repeated in a week and one or two sessions usually

suffice as the warts will disappear in about two weeks. In this form

of treatment hard horny warts should be first softened or pared

down.

More recently the high frequency spark has been found service-

able for the removable of small warts. For this purpose Bordier

uses a spark electrode connected with the Oudin resonator and ap-

proached to within ten or fifteen millimeters of the wart. The

growth is then riddled with sparks for about twenty seconds. After

a sufficient time the wart pales, becomes dry and falls off.

Epithelioma.

Electrotherapy in the treatment of epithelioma is hardly indi-

cated and should be used only in very special cases when there is a

decided reason that other methods should not be used.

Various methods of procedure may be followed. Leduc uses

electrolysis and finds that the zinc ion has a curative action on cer-

tain growths. A piece of rubber tissue is made to fit the growth by

means of an opening cut into it. With the surrounding tissue thus

protected, the growth is covered with a sachet electrode which has

been impregnated with a i per cent, solution of zinc chloride. Over this

the positive sponge electrode is placed. The indifferent kathode lies

over the nape of the neck. The intensity of the current used varies

with the size of the growth from five to fifteen milliamperes. The

application lasts for thirty minutes and may be repeated as soon

as the reaction has subsided. By this method Leduc reports various

growths to have been cured in one or two sessions.

Bordier, Oudin and others have used the high frequency tension

sparks derived from the high frequency current. The technique

is very similar to that described for warts. With the electrode

attached to a Bisserie exciter, the current is first directed to the

ground through the operator's right hand, while the left hand grasps

the patient. After the electrode has been placed in position over

the epithelioma, fine sparks are allowed to discharge against the

exposed surface. After a few seconds these sparks cause a local

anesthesia and then the length of the spark may be increased. The

various portions of the growth which are thus treated, soon show a
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pallor caused by the local vasoconstriction. When this pallor ap-

pears the electrode is withdrawn to a distance of about two to three

millimeters and the tissue is riddled with sparks for a short time. A
prompt and often violent reaction takes place in the tissues so

treated and when this has subsided the application may be repeated.

Two or three applications should suffice to cure a growth.

Acne.

Acne may be electrically treated either by the static current or

the high frequency effluve. Bordier uses a static bath followed by

a static breeze. The patient is placed upon the insulated stool and

connected with the negative pole of the static machine. The posi-

tive pole is grounded and a metal point which also has been grounded

is so placed as to discharge directly over the affected area. This

point then gives off an aigrette of a positive breeze. The duration

of the application is about twenty minutes and should be repeated

every second day.

The high frequency efiTuve is applied by placing the patient upon

an insulated stool and connecting him by means of a conducting

rod with the lower end of the Oudin conductor resonator. The

effluve electrode, which is connected with the superior limit of the

resonator is then held opposite the region to be treated. The cur-

rent is thus allowed to flow for about fifteen minutes and the appli-

cations may be repeated every second day. Good results have been

reported from either form of treatment, but many operators prefer

to use them in conjunction. First, the static bath is given and this

is followed by the application of the high frequency effluve. Im-

provement may appear early in the course of treatment but a cure

may require a very long time. It is important in connection with

this to remember that dietetic measures and local care should also

be maintained.

Hypertrichosis.

Epilation by means of electrolysis is the best practical treatment

for hypertrichosis. The adult deep-seated hairs are the ones which

it is most practical to remove. The small downy hairs had better

not be interfered with. The operation is usually required in women
where there is an extensive growth of hair on some portion of the

face. As, therefore, the operation is done for cosmetic effects, great

care must be observed in the technique and a carefully chosen and
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efficient apparatus is essential. The method preferred for the re-

moval of superfluous hairs is negative electrolysis. A blunt needle

electrode is used and the tip of the needle is not only blunt but should

be slightly bulbous. The shaft of the needle is bent at right angles

and provided with an insulated handle. A sharp needle should never

be used because there is great danger of perforation of the walls of

the hair follicles and thereby of setting up an inflammatory condition

without destroying the papilla.

The patient is placed in a reclining position with the head well

thrown back and resting on a pillow. It is well to perform this

operation by artificial light which is best obtained from the reflected

rays of a fifty candle-power lamp. The operator should seat himself

behind the patient; the instrument should be placed at his left hand

and the electric table should be at his right. The large positive

indifferent electrode is then placed preferably over the patient's knees,

with the contact surface upward and several layers of towelling

beneath the electrode. The patient then makes the contact by

placing the right hand upon the electrode and breaks the circuit

by removing the hand. This making and breaking of the circuit

is done by the patient at the direction of the operator. The operator

then holds the needle electrode in his right hand and the epilation

forceps in his left.

With everything in order as has just been described, the operator

carefully inserts the needle into a hair follicle to a depth of about

six or eight millimeters. The rheostat is so adjusted that the cur-

rent passes instantaneously and the milliamperemeter will show the

amount of current flowing. The current that should flow should be

about two milliamperes. More than this is too intense and the pa-

tient should be promptly directed to break the circuit. The current

then can be regulated and the process repeated. An exposure of from

ten to fifteen seconds should be sufficient and a minute drop of foam

on the mouth of the hair follicle indicates that the contact has been

sufficient. Too many hairs should not be removed from a small

area. A good rule to follow is not to remove more than three hairs

from each square millimeter of surface. Otherwise there may be

too great a reaction from the skin, and scarring may result. The
application of the current is attended by some pain which is greater

in the more sensitive areas, such as the upper lip. The removal

of hair should not follow immediately upon the electrolysis but at
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the end of a session, after several hair papillae have been destroyed,

all of them may be successfully removed with the forceps. The
sessions may be repeated every second or third day and a new region

should be taken at each sitting. The same area should never be

attacked until all signs of reactions have disappeared. Then about

one week after the application, a small crust is seen at each point

that has been treated. These crusts should come away of themselves

and then will leave no scar. If the hair papillae really have been

destroyed no new hair will reappear, but with poor technique many
papillae may have escaped destruction. According to Zimmern even

with good technique one in every four or five hairs will reappear.

This has been explained by the fact that the reaction caused by the

electrolysis stimulates the growth of the downy hairs immediately adja-

cent to the ones destroyed and causes them to grow large and coarse.

In this way from sixty to eighty hairs can be removed in a session

lasting about one hour. When one considers that the upper lip

contains from six hundred to twelve hundred hairs and the number

of hairs on the face varies from fifteen hundred to fifteen thousand,

it can be readily seen that the process is a slow and trying one.

This, however, is the best method at our command for the removal

of superfluous hair without scarring and results warrant the tedious-

ness and length of time required in the operation.

Raynaud's Disease.

The dry symmetric gangrene of the extremity known as Raynaud's

disease is often treated by galvanization. The extremity which is

involved is placed in a bath connected with the negative pole and

from fifteen to twenty milliamperes of current is allowed to pass

for about fifteen minutes. The large positive electrode is placed at

some indifferent part of the body. It is only in the preliminary stage

of the disease that electric treatment seems to be of value. Some

writers claim that when the gangrene has developed, healing is

promoted by the electric application.

The application may be repeated three times a week. In early

cases electricity seems to excite salutary action in promoting the

circulation.

Perforating Ulcer of the Foot.

, A perforating ulcer may be due to many causes, but when it is

due to a neuritis and is itself dystrophic in character, it is amenable
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to treatment by electricity. The usual location of the ulcer is

beneath the great toe in the sole of the foot. The treatment con-

sists of faradizing the posterior tibial nerve.

The large electrode is placed on the nerve trunk behind the in-

ternal malleolus and connected with the positive pole. The negative

pole is connected with the smaller electrode and is placed near the

ulcer. With the quantitative current an application of the duration

of fifteen minutes may be repeated every second day. Crocq and

Hann report the cure of such conditions in from fifteen to twenty-

five sessions.

Furunculosis.

Furunculosis may be treated by means of zinc ionization. A large

zinc anode is covered with several thicknesses of cotton and moistened

with a 2 per cent, solution of zinc chloride. A zinc kathode also

covered with cotton and moistened with a physiological salt solution

may be placed indifferently on the surface. The active electrode is

placed over the furuncle and a current as strong as the patient can

bear is introduced. The sessions may last for five or ten minutes

and if the application has been timely it is followed by tingling sen-

sations in the skin above the furuncle. The day following the hard

mass of the furuncle disappears. If pus has already formed, further

suppuration is arrested.

Lymphangitis.

A lymphangitis is likewise treated by means of zinc ionization.

If the seat of the inflammation is on an extremity, the latter is envel-

oped with cotton moistened with a 2 per cent, zinc solution, while

a large zinc anode is placed on the cotton fastened in place. The
kathode is placed indifferently and a current of 40 milliamperes

is allowed to flow for thirty minutes. This session may be repeated

daily until the inflammation subsides.

Alopecia.

Various electrotherapeutic measures have been used in the treat-

ment of alopecia, some with greater or less success. Of course, itmust

be borne in mind that if an alopecia is due to hereditary or con-

stitutional causes little benefit will be derived from the electric

treatment. The main form of alopecia that is amenable to elec-

tric treatment is that which is caused by a seborrhea.

The high frequency effluve has been used to relieve the sebor-
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rhea and thus restore hair follicles to normal health. The method

of procedure consists in placing the patient on the condensing elec-

trode which is connected with the lower part of the Oudin resonator

and the effluve drawn from the upper part of the resonator is

placed next to the scalp. Sessions may last for ten to fifteen minutes

and may be repeated daily. Improvement is noticed by the dis-

appearance of the dandruff and the increase in the growth of new
hairs. From six weeks to two months may be required before the

condition is relieved.

During this time the scalp must be kept clear and free from

other forms of medication. Great care must be taken that no sparks

be allowed to fly between the electrode and the scalp, because it

has been recorded that in several instances where the hair has been

dry it has caught fire.



CHAPTER XIV

ELECTRIC TREATMENT OF DISEASES IN THE URO-GENITAL
APPARATUS IN THE MALE

Impotence. Vesical Paralysis. Incontinence of Urine. Stricture

of the Urethra. Cystitis. Prostatitis. Chronic Urethritis. Neu-

ralgias. Spasm of the Urethra. Tuberculosis of the Kidney. Renal

Fistula.

Impotence.

Impotence may be of organic nature, it may be caused by general

or local toxic conditions, or it may be functional in character. The

functional impotence is the only one which is amenable to treat-

ment by electricity, and practically all forms of current have been

used by one or another author in treating this condition. The
currents, however, that are most available and most efficient are

the galvanic, faradic and the franklinic.

Two forms of galvanization are ordinarily used. The method

known as Tripier-Apostoli consists in galvanizing the spinal cord with

currents of high intensities. For this purpose two large square elec-

trodes are placed respectively over the lumbar vertebrae, sacrum and

buttocks, and over the nape of the neck. The combined surface of

these electrodes should be at least two hundred and fifty square

centimeters. The patient lies on his back and from ioo to 150

milliamperes of current are allowed to flow for thirty minutes. This

may be repeated every second day. Malherbe uses the method

by which he excites electrically the so-called genital points in the

nose. This method has been described under neurasthenia.

Supplementary to the galvanic current many authors use the

faradic tension currents. The indifferent electrode is placed

over the loins, and the skin immediately over the spinal column

from the middle dorsal to the lower lumbar vertebrae is slowly gone

over with a faradic brush. In addition to this the brush may also

be passed over the postero-internal aspect of the thigh as far as the

knee. The current should be sufficient to cause a painful sen-
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sation and the application may be continued for about live minutes

to seven minutes. The treatment may be repeated every second

day.

The efficiency of franklinization in impotence is due to the effect

that this form of current has on the general nutrition. It is of

particular benefit when the impotence is coincident with neuras-

thenia and the treatment is more directed toward the neurasthenia

than toward the impotence. The static bath for fifteen to twenty

minutes may be used and this can be followed by five or ten minutes

of electric friction along the vertebrae. The sessions may be repeated

at intervals of a day or two.

It is well here also to bear in mind that in our experience we have

found that we are able to obtain as good and better results from the

use of hydrotherapy and hygienic measures. The use of electricity,

therefore, is hardly to be considered except in so far as its suggestive

value will help us and as an adjuvant to hydrotherapeutic and

hygienic measures.

Vesical Paralysis.

In the treatment of the condition of paralysis of the bladder, it

is necessary to differentiate whether it is only the bladder itself or

whether it is the sphincter that is involved. When both the bladder

and sphincter are paralyzed at the same time, then we have the con-

dition of urinary incontinence. If, however, the bladder alone is

paralyzed and the sphincter is not involved, then we have a condi-

tion of retention. Unlike other paralyses, electricity is indicated

both in peripheral and central paralyses of the bladder. If the origin

of the paralyses is central, then the galvanic current is the current to

be used. The large indifferent electrode is placed between the thighs

against the perineum, while the active electrode, a roller, is

used in the dorso-lumbar region. The current intensity may vary

from fifteen to twenty-five milliamperes, and in order to avoid an

undesirable electrolytic action, the current is reversed every two

minutes. This process may be continued from fifteen to twenty

minutes and may be repeated three or four times a week. It may
be well to follow this application by faradization with the use of the

same electrodes. When a faradic current, however, is used, the roller

may be applied over the lower abdomen and even directly over the

bladder itself. Five minutes of the use of the faradic current is

sufficient.
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A more active and energetic use of the faradic current may be

had by an intravesical application. For this purpose two hundred

and fifty cubic centimeters of saline solution are injected into the

bladder. An insulated sound that ends in a metal olive is introduced

and connected with the negative pole. The large indifferent elec-

trode remains over the back or perineum and is connected with the

positive pole. A current of moderate intensity is allowed to flow

and rhythmic interruptions of every second or two are instituted.

This may be continued from five to ten minutes and may be repeated

every second day. Cures are reported and some authors have attrib-

uted cures of the bladder symptoms in tabes dorsalis to this form

of treatment. We doubt, however, whether the cures can be attrib-

uted alone to electricity. Cases under our own observation have

shown marked improvement; at the same time we are aware that

remissions of the bladder symptoms take place where no treatment

has been instituted. Unquestionably, however, the bladder symp-

toms in tabes improve more rapidly by the use of electricity as

an adjuvant.

Incontinence of Urine.

Urinary incontinence without weakness of the bladder occurs

generally in children, but sometimes in adults The exact cause

of this condition has never been determined, but it is generally looked

upon as a neurosis. Some authors say that they have found a paresis

of the sphincter, but most of the cases are associated with psychic

changes.

In children the incontinence is usually nocturnal. In these cases

then it is undesirable to use the intravesical method of treatment.

Instead of this a faradic current is used, and a large sponge electrode

is placed over the loins and connected with the positive pole. The
small electrode which consists of a stick of carbon over which is laid

a layer of absorbent cotton covered with gauze, is placed against

the perineum and connected with the negative pole. A sufficient

intensity of current is used so as to produce a slightly painful sen-

sation and is allowed to flow for about seven or eight minutes. The
session is terminated by the addition of from 40 to 50 faradic

shocks of great intensity and the periodicity may be regulated by the

metronome.

In treatment of incontinence in the adult two methods are in use.
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The first method, is advocated by Guyon and consists of an intra-

urethral application of the faradic current. The indifferent elec-

trode is placed over the loins and the active electrode which consists

of a medium-sized sound which carries an insulated wire connected

with an insulated olive at the distal end, is passed into the bladder.

The sound is then withdrawn until the olive lies in close contact with

the sphincter. The faradic current, derived from a coil of coarse

wire with interruptions of low frequency, is then allowed to flow

and the intensity is increased until there is a sensation of pain.

The rhythmic interruptions of the metronome are then introduced

at the rate of two interruptions per second. The session lasts from

six to eight minutes and may be repeated daily.

The other method referred to is sponsored by Bordier and in-

volves the use of Hertzian franklinization. The patient is placed in

a reclining position on a noninsulated chair. An intraurethral elec-

trode is placed in position and the static machine is set into operation

by approximating the balls of the exciter until they produce seven

to eight sparks per second. The exciter, which is held by means of

an insulated handle, and then is attached to the outer armature of

the Leyden jar, which is connected with the positive collector of the

machine, is brought slowly near to the electrode placed in the urethra.

The armature of the other condenser should be grounded. Each time

there is a spark between the two balls of the machine, the sphincter of

the bladder contracts painlessly but energetically. This application

may be continued for about 5 minutes and should be repeated twice

daily for the first three or four days. Bordier claims to cure such

conditions in from one to three sessions and that cures occur in about

65 per cent, of the cases so treated. It is essential of course that all

other pathological conditions should be carefully gone into and

corrected.

Strictures of the Urethra.

As is the case with all strictures, due to cicatricial tissue, the elec-

trotherapeutic measures to which they are most amenable are elec-

trolysis and ionization. Many methods have been devised but they

all vary only in regard to details and technique. The electrolytic

action of the galvanic current allows an olivary sound to pass

painlessly through the stricture. The difference between the various

electrodes consists in shape and in method by which the stricture may
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be attacked. Both Debedat and Vernay use olivary shaped tips

on their electrodes ; but the former has the anterior portion insulated

while the latter insulates the posterior half. One of the most prac-

tical electrodes is that devised by Bordier and known as his electro-

lytic bougie. This is identical with Bordier's esophagus bougie which

has already been described. In the treatment of strictures of the

urethra the strictest asepsis is essential. The process is more or

less painful and, therefore, local anesthesia is necessary. The vari-

ous sessions should be spaced from eight to fifteen days apart and

in the interval the patient is able to attend to his regular routine.

Good results are claimed and reported. The examination of the ure-

thra with a urethroscope shows that the mucosa has undergone

no change of texture, at the same time, the caliber of the canal

is decidedly increased.

Newmann after thirty years of experience and Desnos after

thirteen years, both claim better results by means of the electrolytic -

enlargement of strictures than by the ordinary methods generally

used.

Cystitis.

The most important bladder condition that requires treatment

by electricity is cystitis. The galvanic current is the one used on

account of its ionic effects. For this purpose the so-called " Gentile"

apparatus was devised by the author of that name, and now is most

frequently used.

The principle of the apparatus consists of a flexible wire or man-

drin held within a complicated handle (see Fig. 262). The mandrin

is made of silver, copper or zinc and is so shaped as to receive the

proximal end of the sound. The handle is hollow so that the mandrin

can be passed through it and fastened at any length which may be

needed in accordance with the depth that it is to be inserted. The
handle itself becomes complicated because it has attached to it a

connecter, which allows the fluid to run into the handle and around

the mandrin. In addition to this it has a binding post which allows

it to be connected with the electric apparatus. The accompanying

illustration will make the matter clear (Fig. 262).

HANDLE AND IONIZING SOUND

Gentile Apparatus.

(a) Terminal portion of mandrin.

(b) End of handle that couples with sound.
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(c) Y connecter for introduction of solution.

(d) Proximal portion of mandrin.

(e) Binding post for electric connection.

(/) Fenestral portion of sound.

(g) Expansion end of sound to fit "b" of handle.

The sounds may be either straight or curved depending on how
far they are to be introduced into the bladder. There is a terminal

eyelet and numerous fenestrations for about two-thirds of the length

of the sound.

In order to use this apparatus the sound is first introduced and

then the mandrin of the electrode handle is inserted into the end

of the sound and the handle forms a direct connection with the sound

itself. The electrolyte is then allowed to flow through the Y connec-

(
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f

Fig. 262.—Gentile Apparatus.

tion of the handle and at the same time the current is introduced.

The positive pole should be connected with the binding post of the

handle of the electrode.

For negative ionization of course the negative pole is connected

and this is used with solutions such as salicylate of soda, etc. When
the zinc electrode is introduced an electrolyte of zinc chloride may
be allowed to flow through the connecter. The electrolyte in all

cases must vary with the metal that is being employed. From
two to five milliamperes of current are sufficient and an application

may last from ten to fifteen minutes. When there is great irrita-

bility with vasomotor changes, negative ionization with the salicy-

late ions is desirable.
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Prostatitis.

In an acute prostatitis the high frequency current is the most

desirable because it antagonizes the congestion and inflammation

and relieves the pain. The Doumer type of apparatus is to be used.

The prostate itself should never be treated through the urethra.

The Doumer electrode is introduced into the rectum for a distance

of from five to six centimeters. The shape of the electrode may be

determined by the operator and the current should be strong enough

to cause a sensation of heat. As the electrode is two centimeters

in diameter there can be no fear of electrocoagulation. In this

application the inferior pole of the Oudin resonator is connected

with the large and indifferent plate, and is placed on the abdomen

and the superior pole is attached to the rectal electrode. The session

may last from five to ten minutes and may be repeated daily.

In chronic prostatitis the treatment is practically the same and

is used mostly for the relief of pain and discomfort. The intensity

of the current is not so great and the applications may be longer.

Chronic Urethritis.

Ionization of the urethra is followed by good results in chronic

urethritis. The method of procedure follows the principles and

technique already described. The zinc ions are the ones which are

mostly used and good results follow. Recently diathermic applica-

tions to the urethra by means of the high frequency current have

been used and good results are reported.

Neuralgia.

Renal Neuralgia.—Renal neuralgia arises under various circum-

stances. A temporary twist of the ureter with retention in the

pelvis of the kidney, venous congestion of the kidney from compres-

sion due to intra-abdominal causes, neuritis of the renal filaments,

and floating kidney, are all causes of so-called renal neuralgia.

These neuralgias often precede an actual nephritis but in using

the term neuralgia we do not refer to the pains accompanying an

actual nephritis. The diagnosis of a renal neuralgia is often difficult

and must be made from objective symptoms and by exclusion. It

is true that these neuralgias exist most frequently in neurotic and

neurasthenic individuals.

The faradic current may be used to cause a hyperemia of the

skin over the kidneys. For this purpose a faradic brush is the best.

t
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The direct treatment for a neuralgia of kidneys is galvanization

of the splanchnic nerves. For this purpose the indifferent electrode

is applied high up on the thorax opposite to the splanchnic plexus

while the active electrode is placed over the kidneys. The principle

aimed at is to produce a sedative effect on the splanchnic plexus

by anelectrotonus. The active electrode consists of the usual large

plate of eighty to one hundred square centimeters in surface and the

intensity of the current should be from one-half to one milliampere

for each square centimeter of the electrode surface. The sessions

should last from twenty to thirty minutes.

A renal neuralgia may also be approached by ionization. The

large broad electrode is placed over the upper part of the thorax and

the lower part of the neck. A small or active electrode is placed as

nearly as possible over the seat of pain. The active electrode is

previously immersed in a 3 to 5 per cent, solution of salicylate

of soda and is connected with the negative pole. These sessions may
also last from twenty to thirty minutes and in the beginning may be

used daily.

The high frequency efBuve may also be used for the, relief of

kidney pain. The efBuve should be directed over the seat of pain

and in some cases relief is obtained by the direct application of

sparks over the lumbar vertebrae. These probably act reflexly.

Ureteral Neuralgia.—Ureteral neuralgias often simulate renal

colics but the pain really proceeds from the ureteral nerves. These

pains are usually found in neurotic subjects, at the same time one

must be careful to think of the pains associated with tabes. Ureteral

pains are best treated by means of the high frequency current and

especially by the use of the high frequency effluve.

Vesical Neuralgia.—For the establishment of a diagnosis of a

true vesical neuralgia, local conditions, such as a cystitis, tubercu-

losis or stone in the bladder and highly acid urines should be excluded.

Gouty and rheumatic subjects are mostly predisposed to bladder

pains. One must also be on the watch for tabetic vesical crises and

reflex pains from renal or urethral conditions.

The treatment of selection is ionization with a solution of cocaine

in strength of from 1 : 3000. For this purpose a special apparatus

has been devised by Gentile, which is termed an "ionisator'' and

is* of course connected with the positive pole. The large indifferent
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electrode is connected with the negative pole and placed over the

abdomen. In some cases a 4 per cent, solution of sodium salicy-

late will be found of great assistance in conditions that are associated

with an active cystitis. In such a case the ionisator is connected

with the negative pole and the bladder should be distended with

about 200 cubic centimeters of fluid.

The ionisator (which is described under Cystitis) is introduced

for a period of from eight to ten minutes, and its position is changed

two or three times during the flow of the current. The intensity

of the current is from five to six m'lliamperes.

The galvanic current may also be used extensively as in ordinary

galvanization of the bladder and the current then passes through the

dorso-lumbar and suprapubic regions. The active electrode is posi-

tive and is placed at some anterior point. The current is determined

by using an intensity of about Ho 00 of a milliampere to each

square centimeter of electrode surface.

Another method of using the galvanic current is by applying

carbon electrodes in each iliac fossa. These electrodes consist of

carbon plates of six cubic centimeters in diameter, covered with

cotton. The current intensity should be as great as the patient can

tolerate but should not exceed 40 milliamperes. A sinusoidal form

of current is preferable to the unidirectional galvanic and should

be so arranged that the waves alternate every two seconds. The
principle here lies in the fact that the hypogastric plexus comes in

the circuit.

Faradization may also be used but care should be taken that the

interruptions should be rapid, from eight to ten per second and that

the induction coil should be of fine wire. The large indifferent elec-

trode may be placed over the abdomen or lower dorsal region and

the small active electrode may be placed on the perineum.

In the use of the high frequency current, the patient is placed

on the condensing bed, which is connected with the lower pole of the

Oudin resonator. The bare electrode of Doumer (q.v.) is introduced

into the rectum. The technique is the same as that described under

anal fissure.

Urethral Neuralgias.—The treatment of urethral neuralgias is

very much the same as the treatment of vesical neuralgia, with the

exception that a certain amount of ingenuity must be used in devising
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proper electrodes. All the forms of current that have previously

been considered are applicable to urethral neuralgia.

In this condition a certain amount of technical ability and dex-

terity in the passing of sounds is required.

Spasms of the Urethra.

Recently the high frequency current has been found very effi-

cient in the relief of spasmodic strictures of the urethra. The
patient is placed on the condensing pad which is connected with the

inferior pole of the Oudin resonator and a Benique sound is intro-

duced into the urethra. The sound is connected with the upper

pole of the resonator and about 100 milliamperes of current are

allowed to flow for from five to six minutes.

Galvanism may also be used but care must be taken that the

patients suffer no shock from interruptions or reversing of the current

and not more than fifteen to twenty milliamperes of current should

be used. The applications become more endurable if a wave such

as the slow sinusoidal be instituted.

Another form of galvanization that always must be borne in

mind with urethral spasms is ionization. By means of the electro-

lytic sound the spasm will often be relieved. The sound which acts

as the active electrode, should always be connected with the negative

pole. Whereas no electrolyte is used the action on the spasm is

electrolytic and the negative ions penetrate the urethral wall.

Tuberculosis of the Kidney.

Tuberculosis of the kidney may be treated either by means of the

high frequency current or by diathermia.

When the high frequency current is used, a large plate is placed

over the kidneys, posteriorly and connected with the inferior pole of

the Oudin resonator. By means of the active electrode an intensive

effluvation is directed to the anterior aspect of the kidney.

When diathermia is used a large plate of about 800 square

centimeters is placed on the front of the abdomen over the affected

kidney. The small electrode of about 30 to 40 square centimeters

is placed posteriorly, so that the maximum intensity of heat will cen-

ter in the affected kidney. A current intensity of 700 milliamperes

may be used and the application may last from five to seven

minutes.
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Renal Fistulae.
|

A persistent renal fistula may be closed by means of ionic treat-

ment. For this purpose a zinc electrode is prepared to fit the fistula.

Previous to treatment the fistulous tract should be injected with

a weak solution of zinc chloride. The zinc electrode is connected

with the positive pole. The object of the treatment should be to

cause flight caustic action and for this purpose two coulombs should

be passed for each square centimeter surface of the electrode. As

a coulomb represents an ampere per second we make this more

practical by using two or three amperes of current for a duration of

from ten to fifteen minutes for every square centimeter of electrode

surface. One application may be followed by effective results but

if a second application is necessary it should not follow upon the first

until eight days have elapsed.
r ,

;



CHAPTER XV

ELECTRIC TREATMENT IN DISEASES OF THE UROGENI-
TAL APPARATUS IN THE FEMALE

Introductory. Endometritis and Metritis. Fibroma of Uterus.

Amenorrhea. Dysmenorrhea. Ovarian Pains. Pelvic Neuralgia.

Pruritus Vulva. Vaginismus. Insufficient Mammary Secretion.

Cancer of the Breast.

Introductory.

The use of electricity in the treatment of gynaecological con-

ditions divides itself into the general and local forms of treatment.

As many of the disorders are associated with a general impairment

of health, caused by the local condition, electrotherapeutic measures

directed toward the improvement of the patient's general physical

condition should not be neglected. For this purpose franklinization

and the high frequency currents are most desirable, and can be

applied by any one familiar with their general use.

The treatment of the local condition is often technical, and

requires particular dexterity especially when intravesical and intra-

uterine applications are to be made. While these procedures are

not actually surgical, still the same precautions as in a purely surgical

operation must be observed. The electrodes and conducting cords

which are handled by the operator must be so constructed as to ad-

mit of being sterilized and at all stages the strictest asepsis must be

observed.

The forms of current mostly to be used for all forms of local

treatment are the galvanic, faradic, combined, and sinusoidal

currents.

Occasionally the high frequency current is of use. It seems to

us, however, that the diathermic effects would be of value, although

they have been tried very little in gynaecological conditions. Dia-

thermia could be applied by the regular bipolar method, but care

should always be taken when one of the electrodes is placed in contact

with the uterus. This organ is not sensible to the ordinary sensations

566
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of pain from excessive heat and therefore the subjective signs can

not be relied upon as a guide to the strength of current. The

current, in all diathermic applications, must be carefully watched

and regulated through the close observance of the hot wire gal-

vanometer.

Endometritis and Metritis.

Endometritis and metritis are inflammations of the uterus which

may be either acute or chronic. But it is only in the chronic conditions

that electrotherapy is of value. If the condition is hemorrhagic,

then positive galvanic cautery is used. If no hemorrhage exists,

then negative galvanic cautery is used. If the condition is associated

with a leucorrheal or a gonorrheal discharge, then interstitial electro-

lysis is employed.

An intrauterine electrode of platinum or carbon is used for posi-

tive galvanic cautery. Apostoli advises the use of platinum. After

thoroughly cleansing the vaginal cavity and sterilizing the electrode,

.the patient is placed in a reclining chair, in the same position as if

a speculum examination were to be made. The large indifferent

electrode is placed over the abdomen and held in position by the

patient. The active electrode which practically is a hysterometer

is insulated from the surrounding tissue by means of a tube, through

which it passes and is allowed to enter the cervix uteri. It is held

in position by surrounding it with tampons. The current is then

allowed to flow and the intensity may vary from 40 to 150 milliam-

peres in accordance with the toleration of the patient. But at the

first session it is unwise to use an intensity greater than 50 milli-

amperes. The duration of the application should be five minutes.

The withdrawal of the electrode is generally attended by pain,

and in order to obviate this the current is reduced to zero, reversed

and allowed to flow for a few minutes at a moderate intensity of

about five milliamperes. The electrode then may be readily removed

after the current has been discontinued. Negative uterine galvani-

zation is accomplished in the same manner as just described with

the exception that the poles are reversed.

Interstitial electrolysis is used when a hemostatic, bactericidal

and coagulant action is required. This is produced by the use of

a copper, silver, or zinc electrode which causes the formation of an

oxychloride through the action of chlorine upon the metal of the elec-
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trode. Leduc prefers the use of zinc. The electrode is of the hys-

terometer type and the procedure is the same as has been out-

lined in the preceding paragraph.

The intensity of the current may reach sixty milliamperes and the

duration may be from twenty to thirty minutes. The application

may be applied once a week. Nogier advises that the electrode be

introduced as far as the fundus before the current be allowed to pass.

He then advocates that after the current has been allowed to flow

for five minutes it be shifted in order to come into contact with

different portions of the uterus. This procedure should be repeated

until the electrode has been shifted three or four times. The elec-

trode may then be removed by reducing the current to a minimum

and reversing it as previously described. It must be borne in mind

that none of the preceding methods should be used if there is any in-

flammation of the adnexa. Care must be taken to exclude this.

The results obtained by positive galvanic cautery in hemorrhagic

endometritis are generally good. But the best results are obtained

with interstitial electrolysis. Leduc says that he has never seen

a failure in metrorrhagia of this type if the intensity of the current

can be used as high as from 60 to 100 milliamperes, and the duration

of the application be from twenty to thirty minutes. He like-

wise advises the use of a smooth electrode in chronic gonorrheal

conditions.

Fibroma.

At one time electrotherapy in fibroma uteri was considered to

possess a certain superiority over surgical measures, but surgery has

at present become so highly developed that there are now few, if

any, indications for handling these conditions by the treatment of

electricity. There is, however, a small class of cases in which the

fibroma is associated with hemorrhage, where operative inter-

ference is inadvisable, and in these cases electric treatment may be

instituted. It must always be borne in mind that the contraindi-

cations are very numerous. And in cases where there are tumors

of suspicious malignancy, tumors of rapid growth, of cystic forma-

tion, pedunculated tumors, or tumors associated with a cystitis

and intestinal or renal trouble, no electric treatment should be

attempted.

If it is decided upon that electrotherapy is indicated then either
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the positive or negative intrauterine galvanization may be used.

The technique for this is the same as that described under En-

dometritis. In addition to this, however, vaginal galvanization and

intracervical faradization have been employed.

For vaginal galvanization a special vaginal electrode must be

used. This may be made by taking an ordinary uterine electrode

of carbon and enveloping it in absorbent cotton which is held in place

by some strips of gauze which are in turn secured by thread. When
completed, the electrode should be about the size of a pigeon egg.

The electrode is then well moistened with water and placed in

the posterior cul-de-sac. This electrode serves as the indifferent

electrode, and the active electrode is the same as the one used in

endometritis. The intensity of current applied is from sixty to

seventy milliamperes and the duration of the application is from

five to ten minutes.

Vaginal galvanization is indicated whenever the galvano-

intrauterine method can not be undertaken. Such a condition

exists when the fibroma obstructs the cervical canal. The vaginal

method is less efficacious than intrauterine, but it is also less painful.

Intrauterine (i.e., intracervical) faradization is very strongly

recommended by Doumer. He claims that it is not only perfectly

harmless but that it is most efficient in the treatment of the hemor-

rhage, of the pain, and of the mass of the tumor itself. The technique

is similiar to that used in metritis. The current should be derived

from a coil of coarse wire and the interrupter should be set to a slow

or medum number of vibrations, and at a low pitch. The intra-

uterine electrode should be a flat one of carbon. The session should

be brief and should not last longer than three minutes. If hemor-

rhage is present and continuous, two or three applications daily are

advised. If there is only a menorrhagia then two or three applica-

tions may be given each week.

The reported results are good and at least fifteen to twenty

applications should be given within a space of two months. In

about 10 per cent, of the cases the tumor itself undergoes some in-

volutionary changes but in 70 to 90 per cent, the hemorrhageis not

only improved but also entirely cured. Pain is relieved in 50 to 60

per cent, of the cases and general improvement takes place in 60

to 80 per cent. The benefits derived are usually permanent.
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DISORDERS OF MENSTRUATION

Amenorrhea.

Electrotherapy is indicated in secondary amenorrhea, that is

when menstrual suppression has occurred. The cause must always

be closely investigated and first removed if possible. In those forms

which are due to plethora or obesity, or when ovarian insufficiency

is suspected, we may use lumbo-suprapubic faradization, franklini-

zation and intrauterine galvanization or faradization.

Lumbo-suprapubic faradization consists in placing a large sponge

electrode over the loins and the smaller ones over the pubes.

The current is derived from a coil of fine wire and the interruptions

are of medium rapidity. The intensity of the current should be

sufficient to cause a disagreeable sensation and may be allowed to flow

from eight to ten minutes. After this the suprapubic electrode is

replaced by a roller electrode which is applied over the inner and

anterior aspects of the thighs for about five minutes. The ap-

plication may be repeated daily for about two weeks preceding the

time anticipated for the next menstrual period.

Franklinization has long been used and the application is more

or less general. The static breeze is applied and directed over the

ovarian region. After fifteen to twenty minutes sparks may be

drawn from the loins for a short time. This may be repeated

three times a week.

Intrauterine faradization may be applied in the same way as

has been described under metritis, with the exception that the active

electrode should consist of fine wire and should be connected with

the negative pole. The intensity of the current should be raised

to about forty or fifty milliamperes and allowed to flow for about five

minutes. The application should be repeated three or four times

a day every two or three days before the expected period. External

methods should be used in preference to the internal, and the inter-

nal may be instituted when the external is of no avail. If the electric

current acts effectively, the menstrual flow is brought on in a few

days.

Dysmenorrhea.

Dysmenorrhea may be of ovarian or uterine origin. Clinically,

however, we may differentiate between the membranous and the ner-

vous type. The nervous type is accompanied by a systemic reaction.
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The ovarian type closely resembles the nervous type clinically and

both are amenable to the same treatment. This consists of daily

static baths for about two weeks before the expected period. The

sessions last from fifteen to twenty minutes and may be followed

by franklinic sparks drawn from the loins.

Dysmenorrhea due to obstruction within the uterus, should be

treated by means of negative electrolysis. For this purpose a plati-

num hysterometer may be used as the active electrode, or rods of

various metal may be substituted. The diameter of the electrode

should vary from one to six millimeters . The finer ones should be

used at first. The sessions may last from five to ten minutes and

should be begun a few days before the expected period.

The membranous form of dysmenorrhea is treated by negative

galvano-cautery and the technique is the same as described in

endometritis.

The static bath should be used for four or five successive periods

after which considerable improvement should be noted. If benefit

is to be derived from electrolysis the obstruction should be perma-

nently relieved by the third week. In certain cases of extreme

stenosis of the cervix, where the os is invisible, a drop of blood alone

shows its situation. In such cases treatment is used on the last day

of menstruation. If the finest electrode does not enter the cervix,

the negative pole is used and the electrode is allowed to advance

very much in the manner used with the insertion of a catheter.

Ovarian Pains.

The treatment of ovarian pains is very indefinite and includes

the treatment of the various neuralgias which occur in the vicinity

of the ovaries. The pains are of obscure origin, obstinate to treat-

ment and often undermine the general health of the patient. As
a last resort resection and removal of the ovaries are resorted to,

but even this procedure is not always followed by a cure. For this

reason it is wise that some electric intervention should be attempted

before surgical interference is used. The method of choice is positive

galvanization over the painful area, and relief is often obtained from

the sedative action of this form of current. A large negative electrode

is placed over the lumbar region and the positive electrode of equal

size is placed over the painful area and held in place by the patient.

The intensity of the curent is slowly raised to forty or fifty milliam-
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peres and this can easily be done if the electrodes are of seventy or

more square centimeters in area and have been well moistened

with warm water. The minimum duration of such an application

is three-quarters of an hour after which the current is gradually

reduced to zero. The session may last from one hour to an hour

and a half, unless the patient complains of fatigue. These applica-

tions are well borne and may be repeated daily, and as relief is

afforded the interval may be extended to every second or third day.

Pelvic Neuralgia.

Neuralgic pains in the pelvis differ widely as to location and

character, and generally occur in neurasthenic or hysteric subjects.

The seat of pain may be uterine, vulval, vaginal, adnexal or vesical.

The parts are sensitive to the touch and the pain may be so intense as

to cause dyspareunia. The treatment of course must be directed to

the patient's general health as well as to the local pains. For the

general physical condition either the static bath or the condensing

pad of the high frequency apparatus may be used. If the static

bath is used, one may also add an application of the positive breeze

directed against the painful localities. The patient should be con-

nected with the negative pole of the static apparatus, so that the

breeze becomes positive.

The local treatment consists of galvanization with high intensities

over the entire abdominal region, and more particularly over the

epigastrium. Two large electrodes are used. The negative electrode

is applied over the loins and the positive is laid on some portion of

the abdomen. If, after a fair trial no results are obtained then one

may attempt intrauterine faradization or galvanization, as has been

described under metritis.

Faradization is preferable in the treatment of this condition.

If galvanization is used the intrauterine electrode should always be

positive. Some operators recommend the use of the sinusoidal

current with an intracervical electrode, and the technique is the

same as that for faradization. The sessions should be repeated

two or three times a week and will necessarily last over a long period.

In this class of cases the neurasthenic element should always be con-

sidered, and some other form of treatment such as hydrotherapy,

should always be used as an adjuvant. The course of treatment

should never be abandoned unless it has been given a fair trial, and
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it is well as a general rule to avoid surgical procedure until electro-

therapy has been used for at least a period of two months.

Pruritus Vulvae.

Pruritis vulvae is due to many causes both general and local

and is practically a secondary condition. If the causes do not stand

out clearly or cannot be removed, electricity may be used to diminish

the suffering but it must be borne in mind that electrotherapy is

used only as a symptomatic remedy.

For the treatment of this condition a sedative effect of the static

and high frequency effluve is employed. For the static application

the patient is extended on a long reclining chair and the buttocks

are well elevated. The thighs are flexed and separated and the heels

are approximated. A small metallic brush which has been attached

to the positive pole of the static machine is used as the active

electrode. The negative pole of the static machine is grounded.

With the machine in operation the brush is held about ten centi-

meters from the vulva. The aigrette discharge is then allowed to

pass for about twenty-five to thirty minutes. If the pruritus lies

deeper than the labia, then these are separated by nonmetallic re-

tractors, made either of glass or celluloid and the application is

continued.

For the use of the high frequency efHuve, the positions of the

patient and the electrode are the same as those just described. The

electrode is connected with the superior extremity of the Oudin

solenoid and the apparatus is so arranged as to obtain an efHuve of

the maximal length. The duration should be from fifteen to twenty

minutes and in severe cases may be repeated daily. If no results

are obtained by the static application in from thirty to thirty-five

applications or from fifteen applications of the high frequency effluve,

some other method of treatment should be instituted. Radiotherapy

may be tried where electrotherapy fails. Legros claims that in 750

cases of pruritus vulvas which he has treated by electricity, 71 per

cent, of the cases were cured.

Vaginismus.

The spasmodic condition of the vulvo-vaginal canal, known as

vaginismus, is due to hyperesthesia, which in turn may be part of

a special nervous excitability, or may be due to local states of irrita-
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tion. It is common in newly married women after defloration. The
muscles are in a state of contracture. All the neighboring muscles,

such as the constrictor cunni, levator ani, and vesical and anal

sphincters, participate in this condition. None of the ordinary

forms of treatment such as rest, hot applications, etc., should be

overlooked before electric treatment is instituted. The best form

of electrotherapy for this condition is the use of the faradic current

applied by means of the bipolar vaginal method. The special bipolar

vaginal electrode of Apostoli, which has already been described, is

connected with both faradic poles. The electrode is then inserted

into the vagina with great delicacy. Care should be taken that the

circuit is made before the introduction of the electrode. After the

electrode is introduced, slow backward and forward movements

should be made with it during the course of the application, which

may last from fifteen to thirty minutes. If this method fails then

the procedure that has been described under the treatment of sphinc-

teralgia, may be used. For this purpose the Mclntyre hollow glass

electrodes are used in conjunction with the high frequency currents.

As an adjuvant for the patient's general condition, the static bath

should not be neglected. With patience the results should be good.

Affections of the Female Breast.

InsufficientMammary Secretion.—Although it is maintained that

there are no galactagogues in the ordinary sense of the word, there

are many agencies by which the deficiency of the secretion of milk

may be remedied. Among the many methods advocated, electro-

therapy has its place and the applications used are faradization,

franklinization and the high frequency effluve. Pierron has recently

introduced faradization of the breast. The breast is placed within

a copper frame so that the surface lies free. The frame is then con-

nected with a negative pole of a faradic tension current. The posi-

tive pole is connected with a small sponge electrode or even a brush

electrode. The application is made by slowly passing the active

electrode from the center of the breast toward the periphery. In

this way the electrode would be placed at the areola and slowly

drawn over the skin toward the copper frame. In this manner the

breast is completely faradized from within outward. The current

should be of sufficient intensity to cause slight pain and the applica-

tion may last ten minutes. For the first two days the application
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can be applied twice daily. It then may be reduced to one applica-

tion per day and good results should appear after the sixth

session.

Bedart advises the use of franklinization. For this purpose the

aigrette discharge is advocated. The patient is insulated on a stool

in the customary manner and connected with the positive pole of

the static machine, while the operator allows the aigrette from a

point which is connected with the negative pole, to flow directly

against and around the nipple. After rive minutes of this breeze

discharge, a few sparks may be drawn. Some authors have advo-

cated that the suprascapular and infrascapular fossa should also be

sparked in the hope that the branches of the brachial plexus, which

have most to do with milk secretion, should thus be stimulated.

Other authors advise sparks from the skin over the vertebral column

on the level of the third or fourth vertebrae. This spark may take

place without the clothes being removed. Both breasts are to be

treated in one session and the application may be repeated daily.

Bedart reports eleven positive results out of thirteen cases which

he treated. Among his good results Nogier reports several cases

in which he has seen that a profuse flow of milk was rapidly

produced.

Huret advises the use of the high frequency effluve. The elec-

trode consists of a small brush of leaves of foil and is connected

with the Oudin solenoid. The effluve is then directed at the same

points that are used for exciting the secretion as described in the

preceding paragraph. Care must be taken not to prolong the

application on account of the persistent odor of ozone which remains

on the skin of the patient for a considerable time after the applica-

tion. This odor often prevents nursing, and for this reason it is

not advisable for the duration of the application to be longer than

five or seven minutes. If it is desirable to prevent the odor of

ozone entirely, then the breasts should be carefully washed and

covered with a piece of gauze which has thoroughly been saturated

with glycerin. The rest of the chest may be covered with cotton

cloth. These applications may be repeated daily. From the general

reports of the use of electricity in insufficient secretion, the conclu-

sion would be that electrotherapy acts as an efficacious galactagogue.

Its use when successful is followed by a prompt secretion and per-

manent flow. Various signs have been noted by different authors to
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which they attach significance as to whether the treatment is success-

ful or not. For example, Nogier has noticed that when the frank-

linic current is used and the hands of the patient grow moist at

the end of a session, then he concludes that the flow of milk would

be certain. Many other such indications are given but the opera-

tor's own experience is the best indicator as to the probable results.

Cancer of the Breast.

The subject of malignant growths really should find no place in a

book on electrotherapeutics ; at the same time, a great deal has been

done recently which in reality is a surgical procedure. Some authors

have regarded it as an electrotherapeutic application immediately

following upon a surgical procedure. This is really the condition

that obtains in the electric treatment of cancer of the breast. It

would seem that it is unnecessary to emphasize that surgical treat-

ment is the only treatment of malignant tumors of the breast; at the

same time there are certain conditions and circumstances in which

the surgeons would advocate another form of treatment. For these

classes of cases, Keating-Hart advises fulguration, which is an elec-

trosurgical procedure. For this purpose one requires the high

frequency apparatus that delivers a current of rapid interruptions

and contains a coil that will give at least a twenty-five-centimeter

spark; in addition there must be an Oudin conductor resonator,

Keating-Hart electrode, a steel cylinder containing carbonic acid

gas or compressed air, and a rubber tube to convey the gas to the

electrodes. The operator of the electric apparatus must then work

conjointly with the surgeon, and for this purpose stands next to

him while he operates. The method of procedure consists in an

attempt on the part of the operator to destroy the tissue as fast as

it is laid bare by the surgeon. The Keating-Hart electrode is con-

nected with the upper end of the Oudin solenoid and also with the

reservoir of gas. While the current flows from the tip of the electrode,

a small quantity of gas is allowed to escape simultaneously from the

end of the electrode together with the current. As soon as this

combination of electric flow and gas strikes the exposed parts, the

tissue is supposed to be destroyed and the long distance sparks

are supposed to cause a proliferation of the connective tissues. The

tissues thus treated comes away and a lymphorrhea follows. As

the secretion of this flow is extremely toxic, excellent drainage must
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be instituted. One treatment as described is sufficient. The de-

scription of the detail of the technique of this whole procedure is

wanting and the method is too recent to enable a judgment as to

its value. Fair results have been reported as to the immediate

removal of the growth, but of course no judgment is possible in

regard to the formation of metastases.



CHAPTER XVI

ELECTRIC TREATMENT IN DISEASES OF THE TEETH

Introductory. Obtunding Dentine. Pulp Anesthesia. Electrosterili-

zation of Root Canals. Acute Periodontitis. Chronic Alveolar

Abscess. Pyorrhea Alveolaris. Bleaching by Electricity.

The use of electricity in dentistry for the treatment of the teeth

has been variously advocated but before going into the question of

special treatment, it is necessary to consider the terms which are

applied by dental therapeutists. The general confusion of terms,

which has unfortunately crept into the use of electricity is also

manifest in the writings of the dental electrotherapeutists. They

refer to cataphoresis and ionic medication and differentiate very

sharply between these two forms of medication. By cataphoresis

they mean the transportation of associated molecules of liquid, in

their unchanged form, through the tissue. The direction of this

transportation is with the flow of the current from the higher to

the lower potential, that is from the positive to the negative pole.

The cataphoretic current, therefore, exerts a pressure which forces

the passage of molecules of liquids, together with what they contain

in solution, en masse, through the tissues. This has been described

elsewhere as electrical osmosis. In medical electrotherapeutics, the

so-called cataphoric current is very little used on account of the pain

which accompanies the osmosis, as well as the slight penetrative

power of the current. In dentistry, however, the cataphoric current

has been advocated for the past twenty years or more, and is used

principally for obtunding sensitve dentine.

Ionic medication is now being used as such by dentists in the same

manner as electrotherapeutists use it for other purposes. We must,

however, remember lhat cataphoresis is really electric osmosis and

that coincident with every electric osmosis a certain ionization is

always taking place. In view of this fact dental therapeutics really

depend upon the ionic as well as the osmotic effects of currents upon

electrolytes.

578
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The principal uses to which electricity is put in dentistry, are

the following:

i. Obtunding dentine. The pulp cavity of the tooth in which

the dentine is to be obtunded is first carefully dried. It is then

plugged with a small pledget of cotton which is saturated with a

20 per cent, solution of novocain. A small platinum electrode

is placed against the cotton pledget and connected with the posi-

tive pole, while the patient holds a hand electrode which is connected

with the negative pole. By means of the tooth or active electrode,

the cotton is gently but firmly pressed into the cavity and the current

is very gradually allowed to flow. Great care must be taken not to

allow the current to flow suddenly as often only a fraction of one

milliampere will cause disagreeable sensations to be complained of

by the patient. The current is slowly increased until two or three

milliamperes are flowing, when the anesthetic effect of the novocain

will gradually become manifest. This current is then allowed to

flow for a period of about ten minutes and gradually reduced to zero

with the same care as was used when it was introduced. . If the

application is successful the dentine will be completely obtunded.

2. Pulp anesthesia. The same technique that has been described

for obtunding the dentine is used for rendering the pulp anesthetic.

It may be necessary to allow the current to flow for a greater length

of time. .

3. Electrosterilization of root canals. . The root canals of a pre-

pared tooth may be sterilized by means of ionization. Various

solutions, preferably those of zinc chloride and silver nitrate, may
be used as the electrolyte. Even normal saline solution has been

used and has been declared efficient. The positive pole is connected

with the electrode which is inserted into the canal, while the negative

pole may be either applied to the gums or to some indifferent portion

of the body. Several teeth may be. thus sterilized at one and
;
the

same time. The zinc chloride solution in a strength of about . 5

per cent, is recommended for use in the front teeth and the silver

nitrate solution is most generally .used for the back, teeth. The
reason for this is that the silver nitrate acts better but discolors the

teeth. The amount of current used may be as much as four milliam-

peres and the sterilization is considered complete after five or six

minutes.

4. Acute periodontitis. In the treatment of inflammation around
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the apex of the root of the tooth, we generally have to deal with a

septic infection which threatens the formation of an abscess. The
principle for the treatment of this condition is based upon ionic

transportation and a 5 per cent, zinc chloride solution is used as the

electrolyte. The current is so arranged that the zinc ions are driven

into the periodontal membrane from the apex of the root. A current

strength of from two to four milliamperes, applied for ten minutes,

is reported to give prompt relief. Many authors write with great

enthusiasm upon this subject.

5. Chronic alveolar abscess. Alveolar abscesses, which have

forced their way through the gum so as to form a fistula, may be

treated by means of zinc ionization, as a preliminary step. The treat-

ment of the condition proper consists in passing a fine copper wire

probe through the fistula to the apex of the affected root and attach-

ing it to the positive electrode; the negative electrode is placed in-

differently. When the current is allowed to flow the copper electrode

will partially disintegrate by means of electrolysis and free cupric

solution will pass into the affected tissue and sterilize the tract.

Two or three applications of this sort are reported to have perma-

nently cured a chronic abscess. Occasionally the copper electrode

will adhere to the surrounding tissue and cannot be withdrawn

easily. If this should occur the current may be reversed when it

will be found that the electrode can be easily withdrawn.

6. Pyorrhea alveolaris. It can readily be seen that ionic therapy

if of any value in dental therapy would surely be of great benefit in

pyorrhea. The principle depends upon the penetration of zinc ions

in all the affected tissues. The ordinary methods of procedure should

be used and applications should be repeated at intervals of every

second day until marked improvement is obtained.

7. Bleaching by electricity. It is worthy of mention that meth-

ods have been devised for the bleaching of dead and discolored

teeth by means of electricity. The method used is purely technical

and the object is only cosmetic. We, therefore, merely make men-

tion of the fact that work along this line has been accomplished.
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568

Legros, 573
Lehr, 428

Leredde, 515

Levy, 389

Libotte, 542, 544
Lilienfeld, 278

Livingston, 286

Loeb, Jacques, 285

Lombrosi, 389

Malherbe, 492, 543, 555
Manduit, 394
Marque, 515

Maxwell, 16

Mayer, 3

Mcintosh, 158, 548

Meyer, Mortiz, 330
Moebius, 396, 400

Morton, W. J., 35, 105, 127, 130, 316/410
Muller, C. W., 411

Nagelschmidt, 210, 250, 525

Xeef, 186

Nernst, 310

Newmann, 559

Nogier, 504, 548, 568, 575, 576

Oersted, 394
O'Farril, 534
Ohm, 51

Oliver, Sir T., 525

Oudin, 108, 340, 548, 549
Oxley, W. H. F., 526

Pierron, 574
Poyret, 424

Prissen, 330

Rausden, 23

Remak, R., 133, 329, 330, 334, 395, 437
Rich, 324
Richardson, Sir Benjamin Ward, 285

Roques, 541

Roumaillac, 542

Rudisch, 135-139

Schmidt, 287

Schnee, 525

Schultze, 396

Schwanda, 316

Siemens & Halske, 223, 250

Stintzing, 288, 293, 308, 313, 411

Stoehrer, 134

Swift, 370
Symmer, 9

Tesla, 106

Thompson, Elihu, 106

Thompson, Sir William, 105

Tripier, 555
Truchot, 464

Vernay, 559
Vigouroux, 288, 485

Volta, 24, 36, 394
Von Gueriecke, 22, 394
Von Strumpell, 400

Von Ziemssen, H., 356, 395

Watte & Bartlett, 118

Wapplen M5, i59

de Watteville, 159, 296

Wayne, 186

Wehnelt, 264, 278

Wells, 375

Weston, 158

Westphal, A., 309
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Abdominal neuralgia, electric treatment

of, 457

Abscess, aveolar, electric treatment of, 580

Accumulators, 200

Achilles tendon reflex, electric examina-

tion, 371

Acne, electric treatment of, 550

Acroparesthesia, electric treatment of, 493
Adrenalin ions, 298

Affections of the skin, resistance of the

human body, 291

Alcoholic neuritis, electric treatment of,

448

Alopecia, electric treatment of, 553

Alternating current, 99
electromotive force, 95

induced current, 94, 98

Alternations, voltaic, 414

Alternator, dynamo, 91

Alveolar abscess, chronic, electric treat-

ment of, 580

Amalgamation, 42

Amenorrhea, electric treatment of, 570

Ammeter, use of, to determine unknown
resistance, 85

Weston's, 77

Ammeters, description of, 75

Ammonium chlorid, 43

Amperage, 411

Ampere, 51

hour, 52

measurement of, 75

the, as a measure of current, 70

as a measure of quantity, 5

1

as a measure of strength, 52

as a unit of current, 51

compared and denned, 52

Amperemeter and milliamperemeter, 275

Amperemeters, description of, 75

Ampere's rule, 65

Amyotrophic lateral sclerosis, electric

treatment of, 480

diminution of electric excitability in,

380

reaction of degeneration, 383

Analgesia, simulation of, 388

Anelectrotonus, 304

Anesthesia, dental pulp, 579

electric treatment of, 461

hysteric, 490

ionic, 298

Animal electricity, 285

Anions, 62

Ankle jerk, electric examination, 371

Ankyloses, 495
Anodal electrolysis, 299

Anode, 62

closure contraction, 306

virtual, 296

Anodic opening contraction, 306

Anosmia, electric treatment of, 390

Anticathode, 259

as the source of X-rays, 260

Antimony, 46

and bismuth couple, 92

electropositive, in thermic series, 93

Aphonia, hysterical, electric treatment of,

489
Apparatus, 115, 403

accessory, 132

combination, 226

electric, for diagnosis and therapeusis,

167

faradic, normal, 191

portable, 191

sinusoidal, 225

for altering electromotive force, 184

for diathermia, general principles of, 247

for galvanic electricity, 132

for high frequency current, 232

for hydro-electric baths, 217

for Rontgen rays, 259

for sinusoidal current, 213

for static electricity, 116

for ultra-violet rays, 227

frictional, 22, 116

Holtz machine, 116

mechanical inductor, 184

universal, 213

Volta-induction, 185

587
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Application, see Electric Current, Meth-

ods of.

Apsithyria, electric treatment of, 400

Arc, voltaic, 19

Arrangement of cells, 57

Arsenic ions, 298

Arterial hypertension, electric treatment

of, 527

hypotension, electric treatment of, 529

Arteriosclerosis, electric treatment of, 528

Arthritis, rheumatoid, galvanic treatment

of, 494
Articular rheumatism, electric treatment

of, 494
Artificial respiration, 439
Ascending currents, 295

Astatic galvanometer, 72

system of magnetic needles, 71

Astaticism, 71

Asthma, electric treatment of, 533
Ataxia, locomotor, electric treatment of,

480

vasomotor, 487

Ataxic paraplegia, electric treatment of,

480

Atrophy, of the optic nerve, electric reac-

tion, 389

progressive muscular, electric treatment

of, 480

Attraction, 6, 15

electric, 11

of light bodies, 15

Auditory nerve, normal reaction, 334
pathologic reaction of, 334
simple hyperesthesia, 334
stimulation of, 333
torpor of, 335

Auricular vertigo, 544
Auriscope, 208

Axis cylinder process, 376

Baldness, electric treatment of, 553
Barium ions, 298

Basedow's disease, electric treatment of,

485

Bases as kations, 62

Bath, anodal, 218

dipolar, 218

faradic, 428

galvanic, 428

galvano-faradic, 428

Bath, kathodal, 218

monopolar, 217

Baths, hydro-electric, apparatus for, 217

current supply for, 218

Batteries, 45

description of, 45

electrodes, 46

galvanic, principle of, 45

negative plate, 46

plates, 46

poles, 46

portable, 169

positive plate, 46

positive pole, 46

stationary, 168

storage, charging of, 203

Battery, care of, 172

cells, arrangement of, for greatest pres-

sure, 58

for greatest volume, 60

choice of, 57

electromotive force of, 168

fluid, formulae of, 170

requirements of, for medical purposes,

i33» 167

storage, 200

thermo-electric, 94
Belts, electric, 417

Bergonie chair, 523

Bichromate cell, 41

Birth palsies, electric treatment of, 443

Bismuth, 46, 93

and antimony couple, 92

electronegative in thermic series, 93

Bisserie exciter, 242

Bladder, cocainization of, 562

inflammation of, 559

paralysis of, 556

Blepharospasm, electric treatment of, 452

Body, human, as a nonhomogeneous con-

ductor, 287

comportment of electric current in,

287

conductivity of, 288

diffusion of current in, 286

resistance of, 28

living, effects of electric current upon,

290

resistance, alterations of, 288

substitution method of measuring,

289
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Boils, electric treatment of, 553

Bordier-Morton current, 35, 105

Brachial neuralgia, electric treatment of,

457

plexus, paralysis, electric treatment of,

442

Brain, diseases of, electric treatment for,

47i

faradic brush for, 471

local galvanization for, 473

electrophysiology, 337

inflammatory disorders of, electric

treatment for, 473

see Cerebral.

tumor, disturbance of sense of smell in,

390

increased motor excitability, 379
tumor of, electric treatment for, 473

Breast, cancer of, electric treatment of,

576

Breasts, affections of, 574

Bulbar paralysis, reaction of degeneration,

384

Bunsen cell, 41

Burns from electric current, 345

Cadmium, 46, 93

Calcium ions, 298

Calorific effects of the electric current,

68

Campbell universal machine, 220

wiring for, 220

Cancer, electric treatment of, 576

Capacity, electric, 18

unit of, 52

Carbon electrodes, 160

rheostat, 140

Carcinoma of breast, electric treatment of,

570

Cardiac paralysis, electric, 346

Cardiogram, 374
Cataphoresis, 300, 424

see Ionic Transportation.

Cataphoric effects, 300

Cathions, 62

Cathode, 62

rays, velocity of, 262

Cautery, apparatus for, 200

apparatus, storage cells for, 200

central station current for, 203

electrodes, 202, 204

Cell, bichromate, 41

Bunsen, 41

choice of, for battery,. 57

chromic acid, 41

Daniell, 39

dry, 45

galvanic, 37
gravity, 39

Grenet, 41

Grove, 39
Law telephone, 44

Leclanchg, 43

selector, Brenner's, 134

combined, 136

crank, 133

Plug, 134

Remak's, 133

rider, 135

Rudisch and Jacoby's, 135

Stoehrer's, 134

selectors, advantages of, 133

silver chlorid, 45

Smee's, 41

voltaic, 37

zinc platinum, 41

Cells, arrangement of, 57

carbon, 41

classes of, 38

double fluid, 38

electrolyte of, 38

elements of, 38

in multiple series, 60

in parallel, 59

in series, 58

internal resistance of, 38

local action in, 42

polarization of, 38

single fluid, 38

table of electromotive force, 57

zinc amalgam in, 42
,

Central affections and taste disturbances,

389
_

galvanization, 473
motor neuron, 378

nervous system, electric treatment of,

470

electrophysiology, 337
station currents, use of, 179

Cerebellar peduncles, disease of, 380

Cerebral abscess, electric treatment of,

473
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Cerebral abscess, electrization, 473

embolism, electric treatment of, 472

hemiplegia, increased motor excita-

bility, 379
hemorrhage, electric treatment of, 472

disturbances of sense of smell in, 390

infantile palsy, resistance of the human
body, 291

paralyses, diminution of electric excita-

bility, 380

softening from thrombosis, electric

treatment for, 472

thrombosis, electric treatment of, 472

tumor, electric treatment of, 473
Cervical sympathetic nerve, electrophysi-

ology, 339
Charge, 15, 18

Charging by influence, 14

Chemical action in production of electro-

motive force, 21

effects of electric current, 61

Chorda tympani, taste reduction, 389

Chorea minor, electric treatment of, 484

Chromic acid cells, 41

Chromium ions, 298

Circuit, divided, 50

electric, 37

external resistance of, 49

internal resistance of, 49

shunt, 55

simple, 50

static high frequency, 34
oscillatory, 33

Circuits, compound, 54
condenser, 32

divided, 54
static, 32

Circulatory apparatus, disease of, 527

Closed magnetic circuit, 194

Cocaine ions, 298

Coil, Dubois-Reymond, 187

standard, 191

induction, 88

proper construction of, 187

primary, 89

construction of, 187

secondary, 89

construction of, 187

Stintzing standard, 313

Coils, resistance, principles of,'81

use of, as rheostat, 138

Coils, use of, in measurements, 81

Colitis, mucomembranous, electric treat-

ment of, 512

Color perception, galvanic current, 333
Combination apparatus, 219

Comedo, electric treatment of, 550

Commutator, 149

Comparison of water and electric pres-

sure, 78

Compositor's cramp, electric treatment of,

452

Compound circuits, 54
Conceptions, fundamental, 3

Condenser circuits, 32

description of, 30

discharges, electrodiagnosis, 370

in electrodiagnosis, 310

apparatus for, 310

discharging key, 311

Condensers, connected in parallel, no
in series, 109

description of , n 1

Conducting cords, 166

location of break in, 173

Conduction, 7

Conductivity, increased by pressure upon

electrodes, 290

of human body, 289

of skin, 200

Conductor, resistance of, 290

Conductors, 7

table of, 48

Constant current, 37

Constipation, electric treatment of, 508

mild, primary, habitual, 509

severe, primary, habitual, 510

Contact, disordered, location of, 173

Continuous electromotive force, 106

Contraction, anodic closure, 306

opening, 306

formula, reversal of, 321

galvanic, form of, 307

kathodic, closure, 306

opening, 306

law, normal human, 306

myoclonic, 325, 326

reflex, electropathology of, 327

sequence, deviation of, from normal,

321

normal, 321

tetanic, 309
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Contractured extremities, increased motor

excitability, 379

Contractures, electric treatment of, 473

hysteric, 490

Control, importance of, as a factor in use

of dynamic electricity, 132

Controller for small lamps, faradic cells

and small motors, 206

Controlling apparatus, 136

for use with street currents, 179,181,182

Convective discharge, 19

Converter, rotary, 199

Converters, 198

Coolidge tubes, 277

Copper, electronegative to zinc, electro-

positive to carbon, 46

in thermic series, 93

ions, 277

Cords conducting, 166

Corneal opacities, 539

Corticospinal neuron, 378

Coulomb, 52, 70

Counterirritation, electric, 455

Couple, thermo-electric, 92

voltaic, 37

Cranial nerve, motor, 103

Crank cell selector, 133

Crossed reflex, 330

Current, action of, on muscles and motor

nerves, 301

alternating, 99
dynamo, control of, for medical pur-

poses, 174, 179

cut-outs for, 177, 178

dangers of, 175, 177, 179

induced, 94, 98

battery, control of, 132

requirements of, 168

Bordier-Morton, 35

choice of, 404

closure induction, 87

combiners, 150

constancy of, 168

constant, 37

continuous, 95

control of, 132

controller, 144

deflecting, 65

direct dynamo, 91, 174

as constant current for physician's

use, 174

Current, direct, control of, for medical

purposes, 179, 181

current, for faradic coils, 192

distribution of, by three wire system,

176

regulation of, 175

direction, 45, 46, 65, 98

dissymmetric alternating, 95, 101

double shunt, 182

dynamic, 36

Edison, 174

direct voltage of, 174

electric, 20, 37

calorific effects of, 68

chemical effects of, 68

circuit, 48

compared with water, 53

diminution of, by increased resist-

ance, 54

direct suggestion of, 399

direction of, 405

dynamic effects of, 69

effects of, 61, 412

indirect suggestion of, 399
injuries due to, 345

magnetic effects of, 65

field of, 66

measurement of, 69

mechanical effects of, 68

methods of applying, 413

origin of, 20

physiologic effect of, 301

polarization effects of, 64

pressure of, 21

production of, 21

psychic influence of, 399
therapeutic action of, 398

variation of, in branches of compound

circuits, 54
electrolytic action of, 426

exciting, for induction apparatus, 191

extra induced, 88

faradic, apparatus for, 89, 191

examination of skin, 329

in the treatment of paralysis, 437,

439. 442, 498, 532, 537

measurement of, 188, 191

strength of, 411

therapeutic, employment of, 405

flow, in branch circuit, 293

franklinic, apparatus for, 130
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Current, franklinic, characteristics of, 130

methods of using, 123

polarity of, 130

voltage of, 130

from cells in parallel, formula for, 60

in series, formula for, 58

galvanic, 37

apparatus for, 132

application to skin, 327

color perception due to, 333

effects of, 61

influence of, on optic nerve, 333

in the treatment of paralysis, 437

of spasm, 452

measurement of, 151

polarity, 176

regulation of, 132, 137, 144, 146

sensation of light induced by, 333

stimulation of auditory nerves by,

333
of olfactory nerve, 336

taste perception induced by, 332

therapeutic employment of, 404

ealvano-faradic, 150

greatest, rule for, 60

volume, arrangement of cells for, 59

high frequency, 102

apparatus for, 232

isochronous oscillations of, 103

physiological action of, 340

use of, by auto-conduction, 240, 342

by auto-condensation, 240

induced dynamic, 87

apparatus for, 189

measurement of, 189

regulation of, 188

resistance to, 290

intermittent current, 95

interrupter, 149

in the cell, direction of, 45

in the wire, direction of, 46

Leduc, 208

lighting, dangers of, 175

loops, 293

magneto-induction, 88, 98, 184

measurement of, 69

of water, 3

opening induction, 87

oscillatory, 103

Oudin, 108

pressure, measurement, 52

Current, pressure, proportional to num-
ber of cells, 133

primary, for induction, 87

pulsating faradic, 224

pulsatory, 97

regulation, 175, 188

by cell selectors, 133

by change of voltage, 144

by resistance in circuit, 145, 175

by resistance in shunt, 138, 146, 147,

182

by rheostat, 137, 148

compound double shunt method of,

180, 181, 182

principles of, 144

reverser, 99, 149

shunt, reduced by second controller, 182

static induced, 105, 127

steady, 174, 179

street, carbon rheostats unsatisfactory

with, 181

strength, 416

for electrolysis, 426

measurement of, 52, 151, 188

of induction, 188

regulation of, 55, 175, 178, 188

unit of, 52

supply, batteries and cells, 167

Edison, 174

from central stations, 174

source of, 116, 132, 167

for cautery, 200

for faradic apparatus, 191

for hydro-electric baths, 218

for Rontgen rays, 266

symmetric alternating, 101

thermo-electric, 92

transformed, system of, dangers of, 177

unit, 53

variations, law of, 55

variation of, in branches of compound

circuit, 55

Currents, ascending, 295

battery regulation of, 132

by rheostat, 137

branch, strength of, in divided circuits,

54
central stations, utilization of, in medi-

cine, 179, 182

descending, 295

electric, burns produced by, 349
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Currents, franklinic, 316

of high frequency, 167

of medium strength, action of, 303

static, resistance to, 291

strong, action of, 303

voltaic, alternating, 309

weak, action of, 303

Cutaneous nerves, faradic stimulation of,

417

sensibility, table of normal faradic, 328

Cylinder machine, 23, 25

Cylindric inductor, 90

Cystitis, electric treatment of, 559

Damped oscillations, 33, 34
Damper, use of, with faradic coil, 188

Damping of galvanometer, 74

Dandruff, electric treatment of, 554
Dangers from breakdown of insulation,

177

from leakage currents, 176

from sudden increase of current, 179

in fuse of light and power current, 178

Daniell cell, 39
Dead beat galvanometer, 74, 289

Deafness, hysterical, electric treatment

of, 545

Death by electricity, 345
fibrillation of heart muscles, 346

Decomposition, chemical, by electricity,

61

Deep organs, stimulation of, 317

Deflecting circuit, 65

Degeneration, complete reaction of, in a

severe degree, 321

reaction of, 320

light or medium degree of, 320

partial, malignant form of, 322

prognostic significance of, 364
Degrassator, 525

Dementia paralytica, increased motor ex-

citability, 379
Density, 12

of electric current in human body, law

of, 292

Dental pulp anesthesia, 579
Dentine, obtunding, 579
Descending currents, 295

Diabetes, electric treatment of, 525

Diaphragm, 439
paralysis of, 532

38

Diathermia, 245

and Bier's hyperemia, 258

application and uses, 255

callories supplied by, 258

caution in use of, 258

concentration of heat, 257

dosage, 256

Duddell apparatus for, 245

duration of application, 258

effects on microorganisms in living tis-

sues, 255

electrodes for, 256

evolution of, 245

focusing of heat, 258

Joule's law, 257

number of impulses, 249

physiologic action of, 253

regulation of heat, 257

value of, 256

Diathermic apparatus, 249

arc light, 248

general principles, 247

portable, 252

requirements of, 249

circuit, 248

current, bactericidal action of, 255

conductivity of tissue, 254

penetration of, 254

resistance of tissue, 254

scale of, 254

standard of, 254

thermogenesis of, 255

Dielectric, 20

Differential galvanometer, 75

Dilatation of the stomach, electric treat-

ment of, 501

Diminution in electric excitability, frac-

ture, 38T

Diplegia, crossed reflex, 330

diminution of electric excitability, 380

Direct current machine, 92

spark, 125

Discharge, complete, 18

conductive, 20

convective, 19

disruptive, 19

oscillatory, 103

partial, 18

Discharging, 18

Diseases of the brain, electric treatment

of, 471
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Diseases of the motor nerves, electric

treatment of, 435
Dispersing electrode, 306

Disruptive discharge, 19

Disseminated sclerosis, reaction of de-

generation, 384

Dissymmetric current, 101

Distance, effect of electricity at a, n
Distribution of electricity, 1

2

Divided cell, 54
Dizziness, 337

Dry cell, 45

Dubois-Reymond coil, 187

standard sled apparatus for measure-

ment of faradic current, 191

Duddell apparatus, 245

circuit, 246
J

Dynamic effects of electric current, 69

electricity, 36

induction, 69

Dynamo, 91

current, control of, 181

currents, 174

dangers of, 175

safety device for, 1 78

description of, 92

Dyne, 52

Dysmenorrhea, electric treatment of, 570

Dyspareunia, electric treatment of, 572

Dyspepsia, neuromotor, electric treatment

of, 502

Ear, diseases of, 541

Earth, the, a reservoir of electricity, 8

the, zero potential of, 17

Eczema, 546

Edison current in New York, 1 74

Effects of the electric current, 61

Electric application, rules for, 403

arc, description of, 68

belt, 417

capacity, 18

cautery, 200, 204

charge, 15

circuit, 37

current, 20, 27

action in human body, 295

anodal effects, 299

association of effects of, 400

burns, 345

calorific effects of, 68

Electric current, cataphoresis, 68

cathodal effects, 293

density in the human body, 292

direct suggestion of, 399
direction of, in the human body, 295

dynamic effects of, 69

effects of, 61

upon living body, 297

electrolytic effect on human body, 299

electrotherapeutic action of, 398

galvanocautery, 68

injuries from, 345

ionic transportation, 297

lighting, 68

mechanical effects of, 68

methods of application, faradization,

local, 417, 421

effects of, 422

Franklinization, 419

indication of, 420

galvanization, central, 423

general, 422

intermittent, interrupting, 414

labile, 414

local, 413

stabile, 413

subaural, 415

weak currents, 416

galvano-faradization, 418

indications of, 419

Morton wave current, 420

sinusoidal current, 421

indications of, 421

static induced current, 419

indication of, 419

molar action of, 68

molecular effects of, 68

osmosis, 68

physiologic action of, 289

psychic influence of, 399

thermic action of, 68

thermocautery, 68

currents in living tissue, 286

measurement of, 69

tonic action of, 398

enema, 505

excitability, alteration of, 309

decrease of, 319

increase of, 318

loss of, 319

field, 16
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Electric fields, lines of force, 16

flame, 271

fluid, 7

forehead light, 204

light current, use of, for medical pur-

poses, 175

lighting, lamp for medical exploration,

206

motor excitability,, diminished, 380

increased, 379

reflex, pathological alterations in, 330

physiologic alterations in, 330

resistance, 290

alteration of, 290

sensibility of skin, 57

signs of regeneration, 321

spark, 10

spray, 19

state, 5

treatment of abdominal neuralgia, 457

of abscess of the brain, 483

of acne, 550

of acroparesthesia, 493

of acute anterior poliomyelitis, 476

in adults, 479

of acute inflammation of the spinal

cord, 475

of acute periodontitis, 579

of affections of the esophagus, 499

of alcoholic neuritis, 448

of alopecia, 553

of alveolar abscess, 580

of amenorrhea, 570

of amyotrophic lateral sclerosis, 480

of anesthesia, 461

of ankyloses, 495

of apsithyria, 490

of arterial hypertension, 526

of arterial hypotension, 529

of arteriosclerosis, 528

of articular rheumatism, 494
of asthma, 533
of ataxic paraplegia, 480

of auricular vertigo, 544
of baldness, 553
of Basedow's disease, 485

of birth palsies, 443

of bladder, 556

of blepharospasm, 452

of boils, 553

of brachial plexus neuralgia, 457

Electric treatment of bromidrosis, 493

of cancer, 576

of carcinoma of breast, 576

of cerebral abscess, 473

of cerebral embolism, 472

hemorrhage, 472

thrombosis, 473
tumor, 473

of chorea minor, 484

of chronic alveolar abscess, 580

of chronic endometritis, 567

myelitis, 475

rheumatism, 519

spinal meningitis, 45

urethritis, 561

of colitis, 512

of comedo, 550

of complete facial paralysis, 436

of compositor's cramp, 452

of constipation, 508

of contractures, 473

of corneal opacities, 539

of cystitis, 559

of dancer's cramp, 452

of dandruff, 554

of deep organs, 317

of diabetes, 525

of diaphragmatic peritonitis, 532

of dilatation of the stomach, 501

of diphtheritic neuritis, 533

of diseases of auditory nerves, 541

of central nervous system, 470

of joints, 494
of the brain, 471

of the ear, 541

of the spinal cord, 474

of the stomach, 501

of the teeth, 578

of the thyroid gland, 485

of disorders of menstruation, 570

of metabolism, 570

of dizziness of organic origin. 544

of dry pleurisy, 533

of dysmenorrhea, 570

of dyspareunia, 572

of eczema, 546

of endometritis, 567

of epilepsy, 474
of episcleritis, 540

of epithelioma, 549

of erythromelalgia, 493
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Electric treatment of esophagism, 489,

499
of exophthalmic goiter, 485

of facial paralysis, 450

of facial spasms, 452

of fibroma uteri, 568

of fissure in ano, 514

of florist's cramp, 452

of Friedreich's disease, 482

of functional impotence, 492

of furunculosis, 553

of goiter, 485

of gout, 520

of Grave's disease, 485

of hemorrhoids, 516

of herpes zoster, 459
of hydrarthrosis, 495

of hyperesthesia, 454
of hyperidrosis, 493

of hypertrichosis, 550

of hypogastric plexus, 563

of hysteria, 488

of hysteric anesthesia, 490

aphonia, 489

contractures, 490

deafness, 490

hyperesthesia, 490

mutism, 490

neuralgias, 490

paralyses, 490

of impotence, 555

of incontinence of urine, 557

of inflammatory disorders of the

brain, 179

of insomnia, 492

of insufficient mammary secretion,

574
of intercostal neuralgia, 459
of intestinal atony, 507

of intestinal obstruction, 505

of juvenile paralysis, 564

of keratitis, 529

of lead poisoning, 525

of leucoma, 539
of locomotor ataxia, 480

of lumbago, 467

of lupus erythematosus, 547

tuberculosis, 547
vulgaris, 547

of lymphangitis, 553

of mastodynia, 458

Electric treatment of mercury neuritis,

4So

of meteorism, 507

of metritis, 567

of migraine, 482

of motor nerves and muscles, 435

of mucomembranous colitis, 412

of multiple neuritis, 447

of musculospiral paralysis, 437
of myalgia, 467

of nervous vomiting, 504

of neurasthenia, 491

of neurasthenic insomnia, 492

vomiting, 493

of neuritis of the phrenic nerve, 532

of neuromotor dyspepsia, 502

of obesity, 521

Bergonie's method, 522

of occipital neuralgia, 456

of occupation cramp, 452

of opacities of vitreous, 540

of ophthalmia neonatorum, 540

of otitis media, 543

of ovarian pains, 571

of ozena, 531

of palsies, 437

of paralyses of peripheral nerves, 439
of paralysis of ocular muscles, 451

agitans, 484

of brachial plexus, 442

of motor ocular muscles, 537

of the diaphragm, 532

of the sphincter ani, 513

of the velum palati, 498

of paresis of peroneus longus, 465

of the sura muscles, 465

of paresthesia, 461

of pelvic neuralgia, 572

of perforating ulcer, 552

of periarticular infiltrations, 496

of peripheral neuritis, 444

of peroneal paralysis, 443

of pes cavus, 466

of pianist's cramp, 452

of pilosus, 550

of pleurisy, 532

of poliomyelitis in adults, 479

of polyneuritis, 450

of postdiphtheritic paralyses, 450

of postoperative paralysis of the in-

testine, 507
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Electric treatment of primary myopathies,

462

of progressive muscular atrophy, 462,

480

dystrophy, 462

of prostatitis, 561

of pruritus, 546

ani, 515

vulvae, 573

of psychoses, 473

of pulmonary tuberculosis, 533

of pyorrhea alveolaris, 580

of radial and musculospiral paralysis,

441

of radicular paralysis, 442

of Raynaud's disease, 552

of rectal affections, 513

of renal fistula, 565

neuralgia, 561

of sciatica, 460

of scoliosis, 496

of seborrhea, 553
of secondary muscular atrophy, 464

of secretory disorders, 493

of sensory nerves, 454
of sleeplessness, 492

of spasm of the urethra, 564

of spasms, 452

of facial muscles, 452

of spastic spinal paralysis, 480

of special forms of spasms, 452

nerve palsies, 439
of sphincteralgia, 514

of spinal cord hemorrhage, 475
of stenosis of Eustachian tube, 545

of stricture of the lachrymal duct,

539
of the esophagus, 500

of the uterus, 571

of stupor, 473
of subacute poliomyelitis, 479
of syringomyelia, 482

of tabes, 480

of telegrapher's cramp, 452

of tibial paralysis, 443
of tic convulsif, 452

of tic Douloureux, 458
of tinnitus aurium, 541

of torticollis, 468

of toxic neuritis, 532

of trachoma, 540

Electric treatment of tremor, 493

of trichiasis, 539
of trigeminal neuralgia, 457
of tuberculosis of the kidney, 564

of tumor of brain, 473

of ureteral neuralgia, 562

of urethral neuralgia, 563

of urticaria, 546

of vaginismus, 573
of vasomotor and secretory disorders,

493
ataxia, 487

of verrucae, 546

of vesical neuralgia, 552

paralysis, 556

of vomiting, 495, 504

of warts, 548
of whooping cough, 531

of writer's cramp, 452

of zoster, 483

unit, 52

compared with water, 53

Electricity, analysis of, 5

animal, 285

application of, dosage of, 407

duration of, 406

frequency, 406

place of, 406

choice of current, 404

condensation, 20

death by, 345
density of, 12

distribution of, 12

dynamic, 36

flow of, compared with water, 18

franklinic action of, on muscles and

nerves, 316

frictional, 8, 22

galvanic, 8

general principles of, 403

in diseases of eye, 537

of skin, 546

in gynecology, 566

magnets, 8

mode of action of, in the cure of dis-

eases, 397
nature of, 3

produced by chemical action, 21 36

by contact, 21, 36

by friction, 22

by heat, n, 21
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Electricity, rules for application of, 403

static, 22

medical use of, 116

methods of application, 123

stored in the human body, 286

thermo-, EX, 21

units of, 51

unity of, 8

Electrification, 6

by calorific action, 1

1

by contact, 6, 1

1

by friction, 6, 22

by influence, 13

by mechanical action, 1

1

degree of, 1

7

methods of, 8

negative, 10

phenomena of, 6

polarity of, 10

positive, 10

potential, 17

spray, 19

Electrization, galvanic, intermittent

method of, 414

interrupted method of, 414

labile method of, 414

stabile method of, 413

general, 421

intragastric, for deficient secretion, 503

irritant methods of, 455

local, by faradism, 417

by galvanism, 413

sedative method of, 455

by static breeze, 419

Electrocardiography, 371, 372

Electrocautery, 200, 204

Electrocutaneous reflexes, 329

sensibility, diagnostic and prognostic

value of, 387

in anesthesia, 388

in hemiplegia, 388

in myelitis, 388

in tabes, 387

Electrocution, 346

Electrode, ball, 125

Bisserie, 242

concentrator, 128

directing for spark, 127

dispersing, 306

Erb's exciting, 328

exciting, 306

Electrode, Gentile, 559
handle, 306

combination, 164

current controlling, 165

detachable, 164

interrupting, 164

pole changing, 164

indifferent, 306

interrupting, 165

localizing, 30&

manometric, 513

rectal sound, 505

roller, 127

wire brush, 163

wooden ball, 124

Electrodes, construction of, 160

coverings for, 160

for galvanic current, 159

for high frequency current, 236

for static machine, 123

moistening of, 173

unpolarizable, 163

Electrodiagnosis, apparatus for, 352

condenser discharges in, 310, 370

examination of motor nerves, 355

faradic examination, 353
form of record for examination, 356

galvanic examination, 354

motor points, 356

polar method of examination, 353

position of the patient, 352

preliminary examination, 355

thickness of muscles, 356

Electrodynamic induction, 87

Electrolysis, 424

apparatus for, 425

choice of poles for, 427

cupric, 427

current strength for, 426

defined, 61

dipolar method of, 426

electrodes for, 425

facts of, 425

for esophageal strictures, 500

for lachrymal obstruction, 539

for removal of superfluous hair, 550

in treatment of warts, 548

methods of application, 426

cautions, 427

Electrolyte, 38

defined, 61
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Electrolytic bougie, 501

effects of galvanic current, 61

on human body, cataphoric changes,

300

negative electrolysis, 300

positive electrolysis, 299

laws, 70

measurement, 69

Electromagnetic induction, 88

apparatus, 185

measurement, 170

Electromagnetism, 67

Electromagnets, 67

Electromedical battery, 133

Electrometer, 15

Thompson's quadrant, 36

E.m.f., 21

Electromotive force, 20

alterations of, 21

alternating, 99
apparatus for, 184

comparison with water, 47

continuous, 95, 97

direction of, 96

dissymmetric, 100

greatest, arrangement of cells, 57

in living tissue, 286

intermittent, 98

laws of, 47

measurement of, 69

modification of. by arrangement of

cells, 57

obtaining and altering, 86

of various cells, 57

pulsatory, 97, 102

relation of, to current, 51, 52

sinusoidal, 101

steady, 94
symmetric, 100

tension, potention and, 21

unit of, 52

varieties of, 21, 95

series, table of, 46

Electromuscular sensibility, 329, 383

Electron theory, 9

Electrons, definition of, 9

measurement of, 10

movement of, 64

negative electrification, 10

positive electrification, 10

stream of, 64

Electropathology, 285

of motor nerves and muscles, 318

of nerves of special sense, 332

of secretory nerves, 332, 390

of sensory nerves and reflex contraction,

327

of vasomotor nerves, 390

Electrophorous, 24

Electrophysiology, 285

of central nervous system, 337

of motor nerves and muscles, 318

of nerves of special sense, 332

of secretory nerves, 336

of sensory nerves and reflex contraction,

327

of vasomotor nerves, 336

Electropoion fluid, 43

Electroprognosis, of diseases of the motor

apparatus, 351

Electroscope, 15

Electrostatic bath, 429

Electrotaxis, 64

Electrotherapeutic apparatus, 403

application, 403

applications, duration of, 406

frequency, 406

place of, 406

rules for, 403

strength of dosage, 407

choice of current and pole for, 404

Electrotherapy, value of, 393

historic r6sume of, 393

principles of, 396

thermic basis of, 393

Electrothermogenesis, 255

Electrotonus, 304

Elephantiasis, resistance of the human
body, 291

Embolism, cerebral, electric treatment for,

472

Endocranial disease, disorder of hearing,

39o

Endometritis, 567

Enema, electric, 505

Energy, conversion of, 5

Epilation, 550

Epilepsy, 474
Episcleritis, 540

Epithelioma, 549

Equilibrium, disturbances of, 337

Erb's exciting electrode, 328
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Erg, 52

Erythromelalgia, 493
Eschar, 300

Esmarch douche, 505

Esophagism, 489, 499
Esophagus, affections of the, 499

strictures of, 500

Eustachian tube, stenosis of, 545

Excitability, electric, 308

alterations of, 318

determination of, 308

diminution of, 319

increase of, 318

faradic, of muscles and motor nerves,

3<>9

of nerves, table of, 313

franklinic, 316

galvanic, table of, 308

of nerves, polar action, 305

Excitable points, 312, 356

Excitation, 6

by electricity, 345

Exciting action of electric currents, 398

electrode, 306

Exophthalmic goiter, 485

resistance of the human body, 291

variations of, skin resistance of, 387

Exploring lamp, 204

Eye, diseases of, 537

Face, functions of nerves and muscles of,

359
motor points of, 357

Facial muscles, spasms of, 452

nerve nuclear, involvement, reaction of

degeneration, 384

paralysis, 450

complete, 436

peripheral, increased motor excita-

bility, 379
taste disturbances, 389

Farad, 52

Faraday's law of ions, 62

magneto-electric machine, 90

Faradic bath, 528

battery, portable, 189

brush, 417

current, 228

pulsating, 224

stimulation of skin by, 329

strength of, dosage of, 411

Faradic current, therapeutic effects of,

405

examination, 417

excitability, of muscles and motor

nerves, 309

of nerves, 313

sinusoidal apparatus, 225

stimulation of cutaneous nerves, 417

Faradimeter, 190

Faradism, local electrization by, 417

Faradization for artificial respiration,

439
general, 421

effects of, 422

Fibroma uteri, 568

Field, magnetic, 65

Finsen lamp, 227

and Coolidge system, 227

Rehn lamp, 228

Fissure in ano, 514

Fistula, renal, 568

Florist's cramp, 452

Fluid, electric, 7

electropoion, 43

rheostat, 142

Fluids, exciting, 38

Force, electromotive, 20

Formula for cells in parallel, 60

in series, 58

Ohm's, 54
Franklin plate, 31

Franklinic current, characteristics of, 130

currents, effects on motor nerves, 316

theory,

8

Franklinization, general, 429

Friction, electromotive force produced by,

character of, 102

machines, 22, 116

attachments for, 122

care of, 121

charging, 120

spark, 19

Frictional electricity, applications of, 8, 22

Friedreich's disease, 482

Figuration, 344, 430

electrode for, 430

uses of, 430
Fulminating pane, 31

Functional neuroses, resistance of the

human body, 292

Furunculosis, 553
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1

Galvanic apparatus, 132

bath, 428

cell, 37

contraction, forms of, 307

controller, 136

current, 37
applications to skin, 327

chemical effects of, 61

color perception due to, 333

electrolytic effects of, 61

influence of, on optic nerve, 383

in gynecological treatment, 566

in treatment of paralysis, 437

of spasms, 452

magnetic effects of, 65

field of, 65

sensation of light induced by, 383

stimulation of auditory nerves, 333
of olfactory nerves, 336

taste perception induced by, 332

therapeutic employment of, 404

electricity, 8

apparatus for, 132

carbon rheostat, 140

cell selector, 133

combined cell selector, 136

combiner for faradic current, 149

commutator, 149

conducting cords, 166

control of, 132

current interrupters, 149

measurement of, 151

electrodes, 159

fluid rheostat, 142

milliamperemeter, 155

plug selector, 134

regulation by rheostat, 137

rheostats, 139

rider cell selector, 135

volt controllers, 145

voltmeters, 157

electrization, intermittent method of,

414

interrupted method of, 414
labile method of, 414
stabile method of, 413

examination, 352

excitability, 308

resistance, in affections of skin, 288

stimulation, direct, 302

indirect, 302

Galvanic stimulation of brain, 470
of spinal cord, 475
of vasomotor nerves, 418

treatment of articular rheumatism, 494
of rheumatoid arthritis, 494

Galvanism, indication for in gynecology,

566

local electrization by, 413

Galvanization, central, 423

for chronic diseases of the joints, 494
sciatica, 460

for subacute sciatica, 460

for trigeminal neuralgia, 458
general, 422

local, for diseases of brain, 471

localized, special methods of, 415

of the sympathetic, 415

subaural, 415

with weak currents of long duration, 416

Galvano-faradic bath, 428

battery, 151

combiner, 149

Galvano-faradization, 418

Galvanometer, 50

astatic, 72

dead beat, 74

definition of, 65

differential, 75

mirror, 73

principle of, 70

string, 373
Gases, change in tissues, 314
Gasless tubes, 277

Gastrointestinal affections, electric treat-

ment of, 498
General electrization, 421

faradization, 421

franklinization, 429
galvanization, 422

Genital points, 492

Gentile apparatus, 559
Glioses, reaction of degeneration, 383

Goiter, exophthalmic, electric treatment

of, 485

Gold, 46

-leaf electroscope, 15

Gout, 520

ionic transportation in, 298

Gramme ring inductor, 91

Graphite, 46

Graves' disease, 485
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Gravity cell, 39
Grenet cell, 41

Grove cell, 39
Gustatory nerve, electrophysiology of,

332

Gynecology, electricity in, 566

Hearing, 333
Heat, generations of, in rheostats, 181

Hematomyelia, reaction of degeneration,

383

Hemianopsia, galvanic color perception,

389

Hemichorea, increased motor excitability,

380

Hemiplegia, decreased electric excitability,

380

galvano-tonic reflex, 330
Hemorrhage, cerebral, electric treatment

for, 472

Hemorrhoids, 516

Herpes zoster, 459
Hertzian-Franklinisation, 105

physiologic action of, 316

stimulation of deep organs, 317

waves, 16, 109

High frequency apparatus, interrupterless,

233

mechanical interrupter, 233

resonator, 233

current, apparatus for, 232

application, avoidance of sparks,

241

applicatiorvof, 238

by condensation, 240

applications, excitability, 241

auto-conduction, 240, 342

Bisserie exciter for, 242

computation of frequency of oscilla-

tions, in
•condensation, 342

electrodes for, 237

condensers, connected in parallel,

no
in series, 109

description of, in
diagram of, 109

derivation of, 233

direct application of, 239

electrodes for local treatment, 238

local application, 240

High frequency current, measurement of

during application, 241

microorganisms and toxins, 342
neuromotor reaction, 341

penetration, 341

precautions in application, 240

quantitative effects, 340
solenoid electrodes, 237

tension effects of, 343
currents, 102

aigrette, 343

bactericidal action, 344
compared with static currents, 429
death of animals caused by, 342

frequency of oscillations, 103

fulguration, 344
general indications, 343
indications of, 429
lowering the blood pressure by, 343
physiologic action, 342

effects on circulation, 342

ozonisation, 344
physiology of, 340

sparks, 343
static machine, 102

suggestive action of, 430

the effluve, 343
electrodes, 236

resonator, description of, 107

Hissing spark, 246

Holtz machine, 27

description of, 116

Horse-shoe inductor, 90

Human body, resistance of, 287

Hydrarthrosis, 495

Hydro-electric baths, apparatus for, 217

anodal, 218

cathodal, 218

dipolar, 218

monopolar, 217

combination apparatus for, 219

current supply, 218

universal apparatus for, 219

Hydrothe,rapeutic baths, 427

Hyperesthesia, 454
hysteric, 490

Hyperidrosis, 493

Hypertension, arterial, 527

Hypertrichosis, 550

Hypogastric plexus, electrization of, 563

Hypotension, arterial, 529
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Hysteria, 488

diminution in electric excitability, 381

disturbances of sense of smell in, 390
hemianesthesia, electrocutaneous sen-

sibility in, 388

reaction of degeneration, 384

Hysteric anesthesia, resistance of the

human body, 291

. aphonia, 489

deafness, 545

mutism, 490

Illuminator, 204

Impotence, 555
functional, 492

Impulses, fifty rhythms, 301

Incandescence, electric, cause of, 68

Incontinence of urine, 557

of feces, 475
Indifferent electrode, 305

Indirect spark, 123

Induction apparatus, exciting current for,

191

magneto-electric, 89

mechanical, 184

voltaic, 88

static, 86

voltaic, 185

Infantile paralysis, 476

diminution in electric excitability, 381

Influence, 13

machine, static, 27

Inhalation of ozone, 532

Inherent electromotive force, 285

Injuries due to electric current, 345
Insomnia, neurasthenic, 492

Insulation, static, effects and uses of, 429
Insulators, 7

Intercostal neuralgia, electric treatment

for, 459
Intermittent current, 98

method of galvanic electrization, 414
Internal resistance of cells, 38

Interrupted method of galvanic electriza-

tion, 414
Interrupter, electrolytic, 269

Interrupterless transformer, 275

Interrupters, 149

Interrupting electrodes, 165

Intestinal atony, electric treatment of, 507

obstruction, 505

Intestine, postoperative paralysis of, 507

Intramuscular growths, diminution in

electric excitability, 381

Ionic anesthesia, 298

medication, 423

indication of, 424

method of, 423

movement in the human tissue, 288

state, 63

transportation, 297, 314, 456

Ionization, 63

with sinusoidal current, 314
Ions, chemical, 298

excretion of, 299

Faraday's law of, 62

tertiary effect of, 299

ultimate fate of, 299

Iontophoresis, 314, 456

Iron ions, 298

Jacoby and Rudisch cell selector, 135

Jacoby reflex, 330

Jewell voltmeters, 158

Joint affections, 381

atrophies, diminution in electric excita-

bility, 381

Joule, 52

Juvenile paralysis, diminution in electric

excitability, 381

Katelectrotonus, 304

Kathode, 62

closure contracture, 306

rays, 260

concentration of, 262

deflection of, 262

Keratitis, 539
Kidney, tuberculosis of, 564

Kirchhof's law, 55

Kleist jar, 31

Knee jerks, electric examination, 371

Kromayer lamp, 228

Labyrinthian disease, voltaic vertigo, in

increased intracranial pressure, 336

Lachrymal duct, stricture of, 539

Lamp as limit resistance, 180

electric, currents employed for, 1 74

exploring, 204

for use of reflected light, 206

small controller for, 206
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Lamps, 204

controller for, 206

Law of concentration, normal, 306

of electromotive force, 47

of sensory perception, 329

of thermogenesis in a circuit, 76

Ohm's, of relation between current, elec-

tromotive force and resistance, 51

telephone cell, 44
Lead palsy, reaction of degeneration, 384

poisoning, 525

Leclanche" cell, 43

Leduc current, 208

Leucoma, 539
Leyden jar, 31

Light, electric, 115, 206

Lightning, 19

Limit resistance, 180

Lines of force, 16

Local action in cells, 42

Localization of electric spark, 126

Localizing electrode, 306

Locomotor ataxia, 480

increased motor excitability, 379
Lumbago, 467

Lupus erythematosus, 547
tuberculous, 547

Lymphangitis, 553

Machine, Faraday's magneto-electric, 90
friction, 22

Holtz, 27

induction, 89

influence, 27, 116

attachments for, 122

care of, 121

charging, 121

magneto-induction, 90
mica plate, 30

plate, 22

static cylinder, 23

Toepler, 30

volta-induction, 185

Wimshurst, 28

Magnetic effects of the galvanic current,

65

field, 65

of galvanic current, 65

induction, 86

needle, astatic system of, 71

damping of, 74

Magneto-electric machine, 90, 184

-electricity, 8

-induction apparatus, principle of, 89

-inductor, definition of, 88

Magnets acted upon by electric currents,

67

action of, upon electric current, 67

Mammary secretion, insufficient, 574

Manometric electrode, Bergoni6's, 513

Massage, static, 126

Mastodynia, 458

Measurement by magnetic action, 70

of electric currents, 69

Measuring instruments, 69

Mechanical effects of electric current, 68

Medulla oblongata, diseases of, diminu-

tion in electric excitability, 380

Menstruation, disorders of, 570

Mercury, 93

vapor tube, 230

Metabolism, disorders of, 570

Metritis, 567

Migraine, 462

resistance of the human body, 482

Milk secretion, stimulation of, 575

Milliampere, 52

Milliamperemeter, choice of, 156

horizontal, 155

hot wire, 156

requirements of, 152

Mirror galvanometer, 73

Molecular vibration, 5

Monoplegia, diminution of electric excita-

bility, 380

Morton-Bordier current, 129

spark electrode, 126

Morton's pistol electrode, 129

Motion, vibration, 5

Motor apparatus, electrodiagnosis of, 376

electroprognosis of, 376

cranial nerves, 378

generator, 195

nerve and muscle reaction, contraction,

sequence, 319

loss of electric excitability, 319

qualitative disorders, 319

quantitative disorders, 319

reactions, decreased excitability,

nerves and muscles, action of galvano-

faradic current, 313
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Motor nerves and muscles, diseases of, 435

franklinic current, 316

sinusoidal current, 315

static induced current, 316

diseases of, 437

faradic excitability of, 309

muscular reaction, qualitative dis-

orders of, 325

quantitative disorders of, 325

myasthenic reaction, 325

myotonic reaction, 324

neurotonic reaction, 326

ocular muscles, paralysis of, 537

path, direct, 377

points, 312

charts of, 357

surface location of, 356

Multiple disc gap, tungsten, 253

spark gap, 251

neuritis, 447
Multiplicator, 71

Multostat, 214, 224

Muscle contraction, anode closure con-

traction, 306

electrotonus, 304

kathode closure contraction, 306

opening contraction, 306

law of, 303

medium currents, 303

Nernst's theory, 303

normal polar reaction, 306

quality of, 307

static currents, 303

direct stimulation of, 302

indirect stimulation of, 302

Muscles, action of, constant current on,

301

galvano-faradic current, 313

and motor nerves, electrodiagnosis and

electroprognosis, 351

prognostic value of alterations of,

379
degeneration, regeneration of, 437
electric treatment, 462

electropathology of, 318

electrophysiology of, 301

facial, clonic spasm of, electric treat-

ment of, 452
faradic excitability of, 309

Muscular atrophy, secondary, 464
contractions, production of, 302

Muscular hypertrophy, diminution in

electric excitability, 382

sensibility, 329

electrodiagnostic and electroprognos-

tic value of, 383

stimulation, 302

Musculospiral nerve, diminution in elec-

tric excitability, 380

pressure paralysis, 320

paralysis, 437
peripheral, increased motor excita-

bility, 379
Mutism, hysteric, 490
Myalgia, 467
Myasthenia, 325

gravis, 386

Myelitis, electric treatment of, 475
Myoclonic contractions, 325, 326

Myopathic atrophies, diminution in elec-

tric excitability, 381

Myopathies, electrodiagnosis, 462

primary, 462

treatment of, 463

Myotonia congenita, 324
Myotonic electric reaction, 386

Myxedema, resistance of the human body,

291

Native electricity, 285

Neck, motor points of, 356
nerves and muscles of, 359, 361

Needle, magnetic, 71

Neef hammer, 186

Negative electromotive force, 96

Nernst's theory for ionization, 304

of muscle contraction, 303

Nerve and muscle reactions, physiologic

limitations, 318

qualitative deviations, 318

auditory, reaction formula of, 334
stimulation of, by galvanic current,

333
cranial motor, 378
olfactory, stimulation of, by galvanic

current, 336
optic, influence of galvanic current on,

333

palsies, special electric treatment of, 43 7

Nerves, direct galvanic stimulation, 307

motor, action of constant current, 302

diseases of, electric treatment for, 435
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Nerves, motor, electric examination of,

355
of special sense, electropathology of, 332

electrophysiology of, 332

peripheral, treatment of the, 439
quantitative reaction, how obtained,

407

secretory, electric stimulation of, 436

sensory, diseases of, electric treatment

for, 455
electropathology of, 327

electrophysiology of, 327

stimulation of, by alternating voltaic

currents, 309

table of galvanic excitability, 308

vasomotor, electric stimulation of, 336

electropathology of, 336

electrophysiology of, 390

galvanic stimulation of, 336

Nervous system, central, electric treat-

ment for diseases of, 470

vomiting, 504

Neuralgia, abdominal, 457
brachial plexus, 457
intercostal, 459
occipital nerve, 456

pelvic, 572

renal, 561

special forms of, electric treatment for,

456

trigeminal, 457
ureteral, 562

urethral, 563

vesical, 562

Neuralgias, 454
hysteric, 490

Neurasthenia, 491

Neurasthenic insomnia, electric treatment

for, 456

psychoses, electric treatment for, 473

Neuritis, alcoholic, 448

diphtheritic, 533
increased motor excitability, 379
mercury, 450
multiplex, 447

peripheral, 444
differential diagnosis of, 445

toxic, 532

Neuromotor dyspepsia, 502

Neuromuscular impulses, normal, 301

Neuron corticospinal, 378

Neuron peripheral motor, 378
Neurons, theory of, 375

Neuroses, functional, resistance of the

human body, 292

Neurotonic contractions, 325

Nodon valve, 198

Noe thermopile, 93

Non-conductors, 7

Obesity, 521

Bergoni6's method for treatment of. 522

Occipital neuralgia, 456

Occupation cramp, 452

neuroses, 379
Ocular muscles, paralyses of, 4^1

Ohm, description of, 80

Ohm's law, 51

Olfactory nerve, stimulation of, 336

One-fluid theory, 8

Ophthalmia neonatorum, 540

Ophthalmoscope, 208

Optic nerve, light reaction formulae, 333

sensation of light, 333

stimulation of, 333

Oscillations, damped and undamped, 33.

34
static, 32

Oscillatory current, Rumpf's, 243

Oscilloscope, 268

Osmosis, 68

Otitis media, sclerous, 543

Oudin current, 108

Ovarian pains, 571

Ozena, 531

Ozone inhalation, 532

Pair, voltaic, 37

Palsies, treatment of, 437

Pantostat, 225

Paresthesia, 461

Paralyses, hysteric, 490

Paralysis agitans, 484

complete facial, electric treatment of,

45°
musculospiral, electric treatment of,

437
of motor ocular muscles, 537

of the bladder, 556

of the diaphragm, 532

of the intestine, postoperative, 507

of the sphincter ani, 413
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Paralysis of the velum palati, 498

postdiphtheritic, electric treatment of,

45°

spastic spinal, electric treatment of, 480

treatment of, 437

Paraplegia, ataxic, electric treatment of,

480

Paresis, 379
Patellar reflex, electric examination, 371

Pathologic reflex, 331

Pelvic neuralgia, 572

Penetrometer, 276

Wehnelt, 276

Perception law, sensory, 329

Perforating ulcer of the foot, 552

Periarticular infiltration, 495

Periodontitis, acute, 579

Peripheral nerves, paralyses of, 439
Peritonitis, diaphragmatic, 532

Peroneal paralyses, 443

Peroneus longus, paresis of, 465

Pertussis, 531

Pes cavus, 466

Pfliiger's law of muscular contraction, 303

Phrenic nerve, 439
neuritis of, 532

Physiologic effects of electric currents, 301

electric reflex, 330, 331

Pianist's cramp, 452

Plate, battery, negative, 46

positive, 46

machine, static, 22

Platinum, 46, 93

Pleurisy, 532

dry, 533

Pneumogastric nerve, galvanization of,

5°4

Polarity of electrodes tested by taste, 172

of static machine, tests for, 130

tests for, 171

Polarization currents in animal tissue,

64

effects of electric current, 64

of cells, 38

Pole testers, 172

Poles, battery. 46

of friction machine, differentiated, 131

Poliomyelitis, acute anterior, 476

in adults, 479
reaction of degeneration, 382

subacute and chronic in adults, 479

Polymyositis progressiva, diminution in

electric excitability, 382

Polyneuritis, 450

Position of patient in electrodiagnostic

examination, 352

Positive battery plates, 46

electrification, 10

electromotive force, 96

pole of battery, 46

potential, 17

Postdiphtheritic paralyses, 450

Potential, 17

Poulsen lamp, 246

Pressure, 46

measurement of, 78

Primary muscular atrophies, diminution

in electric excitability, 381

myopathies, diminution in electric ex-

citability, 381

Progressive muscular atrophy, 462, 480

abnormal reaction, 386

increased motor excitability, 379
reaction of degeneration, 383, 384

dystrophies, diminution in electric excit-

ability, 381

Prostatitis, 561

Pruritus, 546

ani, 515

vulvae, 573

Pseudohypertrophic paralysis, diminution

in electric excitability, 381

Psychic influence, 399
Psychogalvanic reflex, 375
Psychoses, 473

resistance of the human body, 292

Pulmonary tuberculosis, 533

O'Faril's treatment of, 534
Pulsating faradic current, 224

Pulsatory current, 97

Pyorrhea alveolaris, 580

Qualitative disorders of electric excita-

bility, 319

of muscle reaction, 319

Quantitative excitability, 319
reactions, 307

Quantity or charge, 15

differentiated from potential, 17

unit of, 52

Quartz, molten, 227



6o8 SUBJECT INDEX

Radial and musculospiral paralyses, 441

Radicular paralyses, 442

Radiometer, 276

calomel, 276

Ramsden's machine, 24

Raynaud's disease, 552

Rays, actinic, 4

kathode, 260

ultra-violet, 4
Reaction of degeneration, 320

amyotrophic lateral sclerosis, 383

anterior horn cells, 383

clinical deviations, 382

cranial nerve nuclei, 383

deviation of normal sequence, 321

displacement of motor point, 323

glioses, 383

hematomyelia, 383, 384

in paralyses of the peripheral nerves,

439
light or medium degree, 320

malignant, 322

modal changes, 321

modifications of, 323

motor nerve roots, 383

pathognomonic symptoms, 321

peripheral nerves, 383

poliomyelitis, 383

prognostic value of, 384

in facial paralysis, 385

progressive muscular atrophy, 383

Rich's reaction, 324

severe degree, 321

spinal cord diseases, 382

syringomyelia, 383

Recharging static machine, 121

Rectal sound, Boudet, 505

Rectifier, X-ray, 269

Rectifiers, 198

Reduction of flesh, Bergonifi's method for,

522

Reflex, crossed, 330
electrophysiologic, 330
psychogalvanic, 375

Reflexes, electrocutaneous, 329
Renal fistula, 565

neuralgia, 561

Repulsion, 6, 15

Resistance and temperature, 57

coil, arrangement of, 82

construction of, 81

Resistance coils, principle of, 81

determining unknown, 83

explanation of, 47
limitation in diagnostic and prognostic

value of, 387

measurement of, 69

measures of, 80

of the human body, 287

conductivity of the skin, 290

diameter of parts traversed, 290

effects of induced current, 290

in disease, 291

initial resistance of, 290

limitations of resistance, 291

measurement of, 289

pressure on electrodes, 290

static currents, 291

substitution of, 289

variation of, 290

substitution method, 83

table of, 48

unit of, 51

Resonator, 108, 233

Respiration, inhibition of, 346

Respiratory apparatus, diseases of, 531

Rheostats, 139

arrangement of, 145

choice of, 143

connection of, 146

methods of using, 148

Rheumatism, articular, 494
chronic, 519

Rider cell selector, Stoehrer's, 134

Rock crystal lenses, 227

Roller electrode for applying friction spark,

126

Rontgen rays, see X-rays, 259

Root canals, electrosterilization of, 5 79

Rotary converter, 199

Ruhmkorff coil for high frequency cur-

rents, 233

Rumpf's oscillatory current, 243

application of, 244

oscillator, 244

Salicylic ions, 298

Salivary secretion, stimulation of, 336

Scale, milliamperemeter, division of, 153

Sciatica, 460

Scleroderma, resistance of the human
body, 291
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Sclerosis, amyotrophic lateral, 480

Scoliosis, 496
Seborrhea, 553

Secondary muscular atrophy, electrodiag-

nosis of, 465

Secretory disorders, 493

nerves, disorders of, 390
Sensation, electrocutaneous, 387

Sense of hearing, stimulation of, 390

of smell, electric examination of, 329

Sensibility, electromuscular, 329

muscular, 388

Sensory nerves, effects of faradic current,

328

electrocutaneous reaction, 327

electropathology and electrophysi-

ology, 327
table of normal faradic cutaneous

sensibility, 328

treatment of, 454, 455
diathermia, 456

iontophoresis, 456
revulsive methods, 455
sedative methods, 455

perceptions, 329

Series, cells arranged in, 58

conducting wires in, 58

electromotive, 46

multiple cells in, 60

thermo-electric, 93
Shunt, circuit, 56

principle of, 56

Shunts, 54

Sight, electric examination of, 389
Silver chlorid cell, 45
Single-fluid cell, 41

Sinusoidal current, 211

definition of, 94
effects on motor nerves and muscles,

3i5

iontophoresis, 314

nutritional modifications in tissues, 315
wave of, 1 01

Skin, diseases of, 546

Sled induction apparatus, description of,

89

Smell, sense of, electric examination for,

329

Smee's cell, 41

Solar spectrum, 4
Solenoid, definition of, 33

39

Solution, potassium bichromate, formula

for, 42

Spark, 19

direct, method of applying, 125

electric, localization of, 126

friction, 126

gap, multiple disc, 251

gaps, blower, 253

indirect, method of applying, 123

intensity of, 19

static, 102

Spasms of the urethra, 564

special forms of, 452

Spastic spinal paralysis, 480

Special nerve palsies, 439
Spectrum, solar, 4

Sphincteralgia, 514

Sphincter ani, paralysis of the, 513

Spinal cord, acute inflammation of, 475
anterior horn cells, 378

chronic meningitis, 475
myelitis, 475

diseases, 474
electric treatment of, 380

reaction of degeneration, 382

electrophysiology, 338

hemorrhage, 475

nerve roots, electrophysiology, 338

Splanchnic nerve, electrization of, 562

Spray, electric, 19

Static breeze, 127

circuits, 32

electricity, 22

amperage of, 130

characteristics of, 130

concentration of, 128

determination of polarity, 130

direct spark, 125

directing electrode, 126

indirect spark, 123

Leyden jar spark, 125

methods of application, 123

physiologic action of, 316

regulation of, 126

the friction spark, 126

high frequency circuit, 34
induced current, 127

effect on motor nerves and muscles,

316

machine, attachments for, 122

care of, 121
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Static machine, electrodes for, 123

Leyden jars for, 123

loss of charge, 120

speed controller for, 120

massage, 126

mica plate machine, 30

oscillations, 32

oscillatory circuit, 33

Stenosis of Eustachian tube, 545

Stimulation, direct muscular, 302

Stomach, dilatation of the, 501

Storage batteries, charging of, 203

cells, 200

of electricity in the human body, 286

Stovaine ions, 298

Stricture of lachrymal duct, 539

of the esophagus, 500

of urethra, 558

String galvanometer, 372

method of operating, 373
Strychnine ions, 298

transportation of, 298

Stupor, 473

Suggestion, 399
Sulphate ions, 298

Sura muscles, paresis, 465

Sweat secretion, stimulation of, 336

Symmetric current, 101

Sympathetic nerves, electrophysiology,

339
Syncope, 346

Syringomyelia, 482

reaction of degeneration, 383

Tabes, 480

ataxia in, 482

crises, gastric, in, 482

optic atrophy in, 482

tinnitus in, 390
Table of conductors and resistances, 48

of electromotive force of cells, 58

Taste, determination of loss of, 388

electrophysiology of, 332

galvanic, 332

pathological conditions of, ^32

Teeth, bleaching by electricity, 580

diseases of, 578

electrosterilization of root canals, 579
Telefunken apparatus, 246

Telegrapher's cramp, 452

Temperature and resistance, 57

Temporary magnet, 185

Tendon reflexes, examination with electric

reinforcement, 370
Tension, 13, 19

Tetanic contraction, 309

Tetany, increased motor excitability, 380
Theory, electron, 9

one-fluid, 8

two-fluid, 9

Thermic action of galvanic current, 68

Thermobattery, 94
Thermocurrent intensity, law of, 93

-electric couple, 92

-electricity, 8, 92

-electromotive series, 93

-ionization, 278

Thermopile, 92

Thompson's quadrant electrometer, 36

Thrombosis, cerebral, electric treatment

for, 472

Thunder, 19

Tibial paralysis, 443

Tic convulsif, 452

douloureux, 458

Tinnitus aurium, 541

Tissue, change of gases in, 314

Toepler machine, 30

Tonic reflexes, 329
Torticollis, 468

Trachoma, 540

Transformer, closed core, 194

interrupterless, 275

Transformers, 193

step-down, 196

Transverse myelitis, crossed reflex, 330

increased motor excitability, 379

reaction of degeneration, 384

Traumatic neuroses, diminution in electric

excitability, 381

resistance of the human body, 292

paralysis, muscular sensibility of, 389

Tremor, 493
Triceps, reflex, electric examination, 371

Trichiasis, 539
Trigeminal anesthesia, loss of taste, 389

neuralgia, 457
Tube, mercury vapor, 230

Tuberculosis of kidney, 564

pulmonary, 533

Tubes for X-rays, 261

Two-fluid theory, 9
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Ulcus perforans, 552

Ultra-violet rays, 4

apparatus for, 227

Undamped oscillations, 33, 34

Units of electricity, 51

compared to water, 53

Universal apparatus, 213

Campbell, 220

portable, 223

X-ray and high frequency, 223

machine, 219

Unpolarizable electrodes, 163

Ureteral neuralgia, 562

Urethral neuralgia, 563

Urethra, spasms of, 564

stricture of, 558

Urethritis, chronic, 561

Urine, incontinence of, 557

Uterine fibroids, electrotherapy in, 568

Vaginismus, 573

Vagus nerve, 504

Vasomotor and secretory disorders, 493
anomalies, resistance of the human

body, 291

ataxia, 487

nerves, disorders of, 390
secretory, 336
stimulation of, 336
trophic, 336

Velum palati, paralysis of the, 498
Verruca?, 548

Vertigo, auricular, 544
voltaic, 335

Vesical neuralgia, 562

paralysis, 556

Vetter rheostat, 141

Vibration, molecular, 452

Violinist's cramp, 452

Viscerocutaneous areas, 409
Vitreous, opacities of, 549
Volt, 52

Voltaic arc, 19

cell, 37 __
cells, classes of, 38

controllers, 145

induction, 87

pile, 36

vertigo, 335

significance of, 336 -

Volta-induction apparatus, 185

Voltameter, 69

Voltmeter, Weston, 80

Voltmeters, 157

description of, 77

Jewell, 158

Vomiting, nervous, 504

neurasthenic, 493

Wall plates, 226

Wappler's milliamperemeters, 156

Warts, removal of, 548

Water, current of, 53

electrolytic decomposition of, 61

Watt, 53

Waves, Hertzian, 16

Wehnelt electrolytic interrupter, 269, 271

Weston ammeter, 76

Wvoltmeter, 80

heatstone bridge, 83

Whooping cough, 531

Wimshurst machine, 28

Wire, conducting, 53

as a magnet, 65

disorder in, 178

direction of current in the, 46

rheostats, 139

WT

ireless telegraphy, 32, 245, 246, 247, 248

Work, units of, 52

Wrist jerk, electric examination, 371

Writer's cramp, 452

X-ray apparatus, electric flame, 271

induction coil, 263

inductors for, 271

interrupters, 264

transformers, 264

circuits, 266

four-cell rectifiers, 269

oscilloscope, 268

rectifiers, 269

tube, anticathode, 259

cathode, 260

rays, 260

changes in vacuum, 262

for static machine, 261

life limit of, 263

schematic representation, 260

shields, 277

tungsten target, 263

X-rays, Coolidge circuit, diagram for, 2 79

tube, battery current system, 280
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X-rays tube, and gasless tube, 277

description of, 259

direct current generation, 274

high tension current, 262

interrupterless transformer, 275

inverse currents, 266

determination of, 267

measuring device, 275

penetrometer, 276

properties of, 261

protective device for, 276

X-rays, radiometer, 275

regulation of current, 265

scar, 262

avoidance of, 262

Zero potential, 17

Zinc, amalgamation of, 52

carbon cell, 41

electropositive, 46

platinum cell 41

Zoster 483
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